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2 
SUMMARY OF THE THESIS 
Selected constituents of the blood,urine and faecal 
fluids of Shetland and Shetland -cross ponies were studied 
and considerable variations between and within individual 
ponies were observed. Wide ranges of values were 
observed in the untreated ponies, and thus it is likely 
that erroneous judgements could result from attempts to 
assess normality or abnormality on the basis of a single 
observation. 
The packed cell volume percentages of these ponies 
were similar to those reported in other Shetland -type 
ponies and draught horses. Factors affecting the packed 
cell volume percentage both in vivo and in vitro are 
discussed. The plasma sodium concentration values of the 
ponies were lower than those found in other equines. 
The daily water loss in urine was approximately 
equal to the water lost in faeces. Of the urinary and 
faecal fluid constituents studied only inorganic phosphate 
was lost in greater quantities in the faecal fluid than in 
the urine. The estimated daily intake of sodium, potassium 
and chloride was compared with daily losses in urine and 
faecal fluid, and in all cases daily losses in urine and 
faecal fluids were less than the quantities ingested. 
The concentrations of selected blood constituents 
were monitored hourly for eight hours before the ponies 
were presented with their daily hay ration, and for eight 
hours after they commenced feeding. After feeding began 
increases in the packed cell volume percentage and in the 
concentrations in plasma of urea and sodium were observed. 
Some decreases in plasma chloride and inorganic phosphate 
concentrations occurred. Thus it was evident that 
standardisation of the time of blood sampling in relation 
to feeding time was essential when the effect of an 
experimental treatment upon these blood constituents was 
to be studied. 
The plasma and "thiocyanate space" volumes were 
measured by the dilution of T-1824 and sodium thiocyanate 
respectively, and the approximate total quantities of 
certain plasma constituents were estimated. The oral 
administration of 7.5 litres (35 46 ml /kg body weight) of 
water caused increases in the plasma volume of 1.4 to 
8.6 %, and in the "thiocyanate space" volume of 7.0 > to 
21.6 %. Fluctuations in the packed cell volume percentage 
and the concentration of selected plasma constituents did 
not reflect the magnitude and time of plasma volume 
expansion indicated by T- 1824. Changes in the volume and 
composition of the urine voided after water loading are 
described and discussed. 
The ingestion of ammonium chloride induced a meta - 
bolic acidosis with concurrent respiratory compensation. 
The clinical signs of metabolic acidosis were evident. 
Urinary pH decreased and a change in urinary excretion of 
net base to net acid took place. The ponies were able to 
excrete net acid even when the pH of the urine was greater 
than that of the blood. Ammonium chloride ingestion induced 
natriuresis without diuresis or hyponatraemia. Other 
changes in the blood and urine constituents outwith the 
normal ranges are described and discussed. 
The administration of sodium bicarbonate in a dose 
equivalent to that of ammonium chloride induced few changes 
in blood acid /base parameters. Although urinary net base 
excretion increased markedly no significant increases in 
urine pH were detected, and hence net acid /base excretion 
was believed to be a more accurate indication of the acid 
base status of the pony and the renal response to acid/ 
base disturbances than the pH of the urine. Since both 
ammonium chloride and sodium bicarbonate induced 
natriuresis without diuresis it was apparent that this 
phenomenon could arise regardless of whether the source 
of sodium was exogenous or endogenous. A possible relation- 
ship between urinary sodium and inorganic phosphate 
excretion is discussed. Changes outwith the norm of other 




The various blood constituents of man, both in health and in 
disease, have been extensively studied. In the course of investigating 
the physiological and biochemical regulatory mechanisms involved in the 
maintainance of the normal state, and in the studies of the clinical 
conditions associated with disturbances of the blood constituents,dogs 
and small laboratory mammals have proved invaluable experimental 
subjects. Consequently considerable information on these species has 
been amassed. It was logical that the food producing species would 
also receive attention, but considering the large increase in the 
popularity and monetary value of equines over the last decade, 
investigations of this nature on horses and ponies, and the application 
of such information to their clinical problems are surprisingly few. 
Bearing in mind the horse's evolution, the concept of "fright and 
flight" and its ingestion of large amounts of base and potassium 
by virtue of its herbivorous diet, and also man's selection of the 
species for strenuous work, often under adverse conditions, it would 
not be surprising if equines differed from other mammals in some 
aspects of their physiology. The work herein was undertaken first 
to define the concentration ranges of selected blood constituents 
in a small group of Shetland and Shetland -cross ponies and then to 
study factors capable of disturbing these constituents. The 
relative importance of urinary and faecal routes of excretion of various 
constituents of plasma studied was also investigated. 
In that context, having shown that diurnal variations occurred 
in the concentrations of some plasma constituents, a study was then 
made of the effect of feeding on these. 
4b 
Under some natural circumstances the horse has irregular access 
to water, and therefore needs to imbibe large volumes at infrequent 
intervals. Thus, the effect of rapid ingestion of a volume of 
water approximating to 4% of body weight on plasma and thiocyanate 
space volumes, and consequently on plasma electrolyte and urea 
concentrations was examined. The renal response to water loading 
was also examined concurrently. 
Normal ranges of blood pH, pCO2 and plasma or serum bicarbonate 
concentrations in man are well established, and the clinical 
implications of acid /base disturbances have received much 
attention. However, although equine acid /base parameters have been 
measured, no ranges of normal values have been widely accepted. 
Therefore the acid /base status of untreated ponies was examined 
before attempts were made to disturb their normal state by 
administering acidifying and alkalosing agents. Electrolyte 
disturbances commonly accompanying acidosis and alkalosis in man 
and domestic animals (chiefly the dog) have been reported, but no 
reference to such disturbances in equines was discovered. Because 
of their possible clinical implications, changes in the concentrations 
of selected plasma constituents were studied concurrently with 
acid /base disturbances. Changes in urine pH and in the urinary 
electrolyte, urea, and net acid /base content were also investigated 
simultaneously, so the renal responses to acid /base disturbances 
of the ponies could be compared with those of other species. 
5 
SECTI © OI .1 
THE COLLECTION AND ANALYSIS OF BLOOD, URINE 
AND FAECAL FLUID FROM UNTREATED PONIES. 
VALUES OF SELECTED BLOOD, URINE AND 
FAECAL FLUID PARAMETERS. 
IAïyRObUCTION; 
( i) MOUS F CIUD CEL V LIME PERCENTAGE 
Many authors have determined the venous haematocrit 
of horses and ponies1 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17. Much work has been undertaken in an effort to 
assess the value of a knowledge of this parameter, and to 
attempt to elucidate the extent to which it represents 
"true" or "whole body" haematacrit9 18. A review of 
published results is presented in Table Nol. 
From Table No.1 a general trend towards higher 
packed cell volumes in thoroughbred horses is evident4 9 
13, though unfortunately some authors did not specify the 
breed of the animals from which they derived their results. 
Schalm13 included Arabs as well as Thoroughbreds 
in his definition of "hot- blooded" horses, and it was his 
opinion that the normal range of the venous haematocrit 
of hot -blooded horses had higher limits than the equivalent 
range for cola- blooded animals. 
Marcilese, Valsecchi, Figueiras, Camberos and 
Varela9 found a trend towards a higher haematocrit in 
thoroughbreds, and a lower one in saddle horses and 
draught animals. They found these differences significant 
0001-05). Furthermore, they discovered that only in the 
first few months of life, and in advanced years, was age 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Vercilese et al.9 furthered their investigations of 
haematocrit values. By using 51Cr and 59Fe to label 
erythrocyte globin and plasma $ globulin respectively, 
independent measurements of erythrocyte and plasma 
volumes were made, and blood volume was given as the sum 
of these two measurements. From these data the so-called 
"body" haematocrit was calculated, and was found in all 
cases to be lower than venous haematocrit as measured by 
Itiintrobe's method 
19 by about 4%. Similar findings have 
been reported by other workers 
16 20 21 although Deavers, 
Rosborough, Garner, Huggins and Amend17 discovered the 
converse situation in their ponies. 
Tasker 3 reported no very marked differences in the 
venous packed cell volume percentages of the breeds he 
investigated. However, no draught horses were included in 
his study. Tasker3 proposed a normal range of 32-52% for 
equine venous haematocrit values, and he did not differen- 
tiate between different breeds or types of animal. 
Littlejohn 4 found a statistically significant difference 
(p<0.05) between the packed cell volumes of the 18 thorough- 
breds and the 24 non-thoroughbreds (the latter consisting 
mainly of ponies and riding-school horses) from which he 
obtained blood samples. 
Dalton 12 included one thoroughbred in a group of 
eight horses whose venous packed cell volumes he measured, 
but which result was derived from the thoroughbred is not 
stated. Stewart and Holman 
1 included two Shetland ponies 
10 
in their group of 26 equines of various breeds and types. 
Deavers, Rosborough, Garner, Huggins and Amend17 investi- 
gated eleven Shetland type animals of both sexes whose ages 
ranged from 10 months to 4 years, and whose weights ranged 
from 68-147kg. Their results are similar to those from 
two Shetland ponies studied by Stewart and Holmax. 
Two other authors 
3 11 investigated the possibility 
of there being a correlation between the age of a horse 
and its venous haematocrit. Collins 
11 noted that the 
packed cell volume percentages of jugular blood samples 
from his horses were higher in animals of three years and 
over than in those below this age. Archer's6 results from 
thoroughbreds whose ages ranged from birth to maturity fell 
within remarkably narrow limits, and he found no corre- 
lation between age and haematocrit in his horses. 
(ii) ELECTROLYTES AND UREA. 
The serum and plasma electrolytes of a variety of 
types and species of equines have been investigated. 
Published values of sodium concentrations in equine 
serum and plasma are summarised in Table No. 2. No 
evidence suggested that the sodium concentrations in plasma 
and in serum differ. 
Eernstein's22 results were markedly higher than those 
of others. Alexander's23 mean value was the lowest pub- 
lished, and it will be discussed later. After studying 
both his own results and those obtained by other workers 
Tasker 3 proposed a normal range of equine plasma sodium 
11 
concentrations of 132-146 mEq/1. He included a large 
number of breeds and types of horses and ponies in this 
range. 
Tevik, Nelson and Lumb 
24 obtained a set of results 
from the same group of horses on each of two separate 
occasions. Their results did not show a statistically 
significant difference, though the presentation of their 
data may have concealed day-to-day variations within 
individual horses* 
Littlejohn4 reported that plasma sodium concen- 
trations did not differ significantly between the thorough- 
bred and non-thoroughbred horses he examined. His results 
were higher than those of Sreter14. 
A summary of the equine serum and plasma potassium 
concentrations found by various workers is presented in 
Table No.3. Taskerts3 lowest result of 1.7 mEq/1 appears 
outstandingly low, though the limited amount of information 
supplied by some other authors could conceal the discovery 
of similar levels by them. Tasker3 26 proposed that a 
range of 2.4 to 4.7 mEq potassium/1 plasma should be con- 
sidered normal for the horse. Bernstein22 discovered much 
higher plasma potassium levels than were reported by others. 
It is evident from the data listed in Table No.3 that, 
excluding Bernstein' s22 results, there was a general trend 
towards the concentration of potassium in serum being higher 
than in plasma. This observation will be discussed at a 
later stage. 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































plasma and serum are summarised in Table No.4. A wide 
range of values is evident; though if the mean chloride 
concentration of the donkeys16 is excluded, the range is 
considerably reduced. Tasker3 observed that in the 
horses he examined there was a trend towards higher plasma 
chloride concentrations in thoroughbreds than in non.. 
thoroughbreds. He proposed that 99 to 109 m..,q /1 should be 
accepted as normal limits for equine plasma chloride levels. 
Littlejohn4, unlike Tasker3, found no trend towards 
higher plasma chloride concentrations in his thoroughbreds, 
compared with a group of none- thoroughbreds which comprised 
hacks, hunters and ponies. 
The inorganic phosphate concentrations measured in 
equine plasma and serum by other workers are presented in 
Table No.5. Most fall within Tasker's3 proposed normal 
concentration range of 2.0 to 5.0 mgs of inorganic phosphate/ 
100mis of serum. No indication of consistent differences 
in the inorganic phosphate content of serum and plasma 
was evident in the literature reviewed. 
Although Stewart and Holmanl stated that they used 
blood in the course of their work, it is assumed that the 
plasma or serum fraction of the blood was analysed, since 
the phosphate content of equine blood is approximately 
twenty times greater than plasma inorganic phosphate28 . 
If blood had been analysed, Stewart and Holmarn1 would have 
discovered substantially greater quantities of phosphate 
than they quoted28. 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































urea nitrogen and non-protein nitrogen determined by 
other authors. 
Tasker 3 measured the plasma urea nitrogen concen- 
trations in his animals and considered his results to 
be the normal range for equine blood urea nitrogen concen- 
trations. If Tasker's 3 range is converted to the corres- 
ponding values of plasma urea concentrations by the use 
of the conversion factor (x 2.14) then his lower and 
upper limits of 21.4 and 51.4 mgs urea/100mls of plasma 
correspond closely to those obtained by Jennings and 
Mulligan 27 . 
The measurements of non-protein nitrogen concen- 
trations made by Stewart and Holman? cannot be directly 
compared with other results Quoted in Table No.6 because 




(iii) SPECIFIC GRAVITY, 
Few reports of the specific gravity of equine whole 
blood and serum were discovered, and no reference to the 
specific gravity of equine plasma was found. Published 
data are presented in Table No.7. 
Unfortunately little indication was given of the 
methods used in the course of these determinations, 
Stewart and Holman 
1 
reported that they used benzene/chloro- 
form mixtures of specific gravity range 1.000-1.100* , To 
these mixtures were added drops of blood, and the specific 















































































































































































































































































































































































































































of the mixture in which the drop of blood remained 
suspended for two minutes without sinking or rising. 
Eder31 employed a gravimetric method of specific gravity 
determination, but no further description was available. 
The mean values for the specific gravity of equine blood 
determined by Stewart and Holman', Barros Santos2 and 
Schalm13 agree closely. The mean result published by 
Reichert and Brown32 is rauch higher than the others. 
Since neither Scarborough33 nor Reichert and Brown3 
2 
specified the methods they adopted for specific gra';Tity 
determinations it seems possible that some variations in 
results could have arisen from different methods boing 
employed. The two mean values of equine serum specific 
gravity are in close agreement. 
(iv) A, CID BAaaeP: ' 
Much information has been published concerning the 
variety of available equipment and the many methods 
employed to determine the acid /base status of an animal 
(both human and non-- human), by the analysis of a blood 
sample or a sample of a blood constituent34 35 36 37 
38 39 
40 41 42 43 44 45 46 47 However, no choice of methods 
was available to measure the acid /base parameters investi- 
gated in the course of the work described in this thesis. 
Hence, this review of relevant literature will be confined 
to the values of pH, p002 and 
bicarbonate concentration 
found in horse blood, or horse blood constituents. 
Table No. 8 summarises the published pH values of 
21 
TABLE No.8 
H VALUES OF EQUINE BLOOD CITED IN THE LITERATURE 
mairemmes.o., 









































a7.47 0.006 S.E. 7.44-7.59 
a7.409 0.0218S.D. 7.38 -7.45 
9 
14 
a = arterial blood 
v = venous blood 
c = capillary blood 
paired samples. 
arterial venous and capillary blood. It is evident that 
a considerable range of pH values was discovered in 
clinically normal horses in the resting state. No 
distinct differences in the pH of arterial, venous and 
capillary blood were evident from the data presented 
in Table No.8. 
Littlejohn and Mitche1148 compared the pH values of 
22 
arterial and capillary blood in order to determine 
whether or not the two were sufficiently similar to 
justify using the latter as a satisfactory substitute 
for the former - thereby avoiding the obvious difficulties 
and dangers of withdrawing samples from a carotid artery. 
Arterial and capillary samples were collected simultan- 
eously. After applying Docrat's criterion 
49 Littlejohn 
and Mitchell concluded that the pH of capillary blood was 
sufficiently similar to that of carotid arterial blood 
for the former to be used as a substitute for the latter. 
However, it was their opinion that the practical diffi- 
culties they encountered in the course of collecting 
capillary blood samples rendered the technique virtually 
useless in veterinary medicine. The lower limit of 
Littlejohn's and Mitchell's ranges of arterial 
capillary blood pH would be considered acidotic in man '. 
No reference to a widely accepted range of normal values 
in the horse was discovered. 
Tevik et al. 24 used the same twelve horses in their 
work, and presented two sets of paired arterial and venous 
blood pH readings. All measurements were made with the 
animals in a clinically normal resting state. Published 
values of whole blood and plasma pCO2 are presented in 
Table No.9. Again Littlejohn and Mitchell48 tested the 
possibility of using capillary blood as a substitute for 
arterial blood in the measurement of pCO2, but the possi- 
bility was discarded for the reasons already mentioned. 
From his own determinations of pCO2 Littlejohn52 
Proposed that a mean pCO2 of 44mmHg - as opposed to the 
23 
1;2.1.1.2:2 






























51 3.6 S.E. 


















a = arterial blood 
v = venous blood 
c = capillary blood 
p = plasma 
= paired samples 
* = unpublished work quoted 
in 5. 
much-quoted and much-used mean pCO2 of 40mmHg in human 
blood - should be considered normal for horses, and he 
advocated the use of 44mmHg when calculations based on 
the Henderson-Hasselbach equation were being made. The 
values derived by others 
5* 48 50 51 illustrate the higher 
pCO2 of equine blood. 
The bicarbonate concentrations in equine plasma and 
serum published by other workers are presented in Table No.10. 
24 
TABLE No.10 sonommim 
EQUINE PLASMA BICARBONATE CONCENTIAND 
RELATED MEASUREMENTS CITED IN THE LITERATURE 
Refer- Mean Bicar- 






























Range No. Obser- 
vations 
2.7 S.D 19.5-37.0 110 
0.62 S.E. 13 
0.6 S.E. 10 
1.66 S.D. 12 
2.40 S.D. 12 
2.17 S.D. 12 








a = arterial blood sample 
. venous blood sample 
= capillary blood sample 
paired samples 
carbon dioxide content 
4 carbon dioxide combining 
power (the total carbon 
dioxide of oxygenised blood 
at pCO2 40mmHg). 
Related measurements (i.e. total CO 
2' 
CO2 , content and CO 
2 
combining power) have also been included. Although the 
mean arterial/venous bicarbonate concentration differences 
determined oy Tevik et al.24 are zero in one case and only 
25 
0.2 mEq/1 in another, differences within an individual 
animal could be masked by the manner of presentation of 
the results. There appeared to be a wide range of plasma 
bicarbonate concentrations in horses though the degree of 
day-to-day variation found in the individual could not 
be ascertained from the literature. 
26 
METHODS 
THE COLLECTION AND ANALYSIS OF BLOOD SAMPLES 
FROM UNTREATED PONIES 
Five adult Shetland and Shetland-cross ponies were 
used throughout this work. Two were geldings and three 
were stallions. One of the two geldings (Scruffy) had a 
unilateral parotid salivary duct fistula. The ponies ages 
ranged from five to sixteen years. Their body weights 
ranged from 164.2 kg to 214.1 kg. They were permanently 
housed in looseboxes, and their daily ration consisted 
of 4 kg of medium quality hay, and water ad libitum. In 
addition to hay, the fistulated pony received 11 kg of an 
oats/bran mixture containing 20g of sodium bicarbonate in 
order to replace the sodium bicarbonate lost in the saliva 
from the fistulated duct55. All had zero or low strongyle 
egg counts. 
Blood samples were withdrawn from a jugular vein 
using Becton-Dickinson vacutainers and a B-D 20g needle. 
Care was taken to avoid stasis during collection. Samples 
for bicarbonate measurements were collected under mineral 
oil to minimise carbon dioxide loss% 57 56. Vacutainers 
containing dried heparin were used to collect blood for 
packed cell volume percentage, pH, pCO2 plasma electrolytes 
and plasma urea determinations 59 . Before and during 
sampling the ponies stood quietly and care was taken to 
avoid causing them excitement or distress 
60 61 
Determinations of pH and pCO2 were made upon indivi- 
dual aliquots of heparinised whole blood, using an E.I.L. 
27 
blood gas analyser. Measurements were carried out within 
three to four minutes of the collection of the blood 
sample. 
For packed cell volume percentage measurements 
the samples were first mixed gently and thoroughly by 
hand for a period of two to three minutes. Triplicate 
determinations were performed upon each blood sample, using 
Hawksley microhaematocrit tubes and a Hawkesley micro- 
haematocrit centrifuge. The packed cell volume percentage 
was measured on a Hawksley microhaematocrit reader, and no 
correction was made for trapped plasma 20 62 63 64 65 66 67 
The remaining heparinised blood and the blood 
samples under oil were centrifuged for 15 minutes at 
4,000 r.p.m. Centrifugation was carried out within thirty 
minutes of sample collection, but in the case of the 
samples under mineral oil it was frequently found 
necessary to repeat the centrifugation in order to spin 
down the fibrin clot which formed above the cell fraction. 
The plasma was separated from the packed cells and 
visually examined for evidence of haemolysis. If any 
evidence of hae4lolysis was present the plasma was con- 
sidered unsuitable for potassium and inorganic phosphate 
analyses though sodium, chloride and urea determinations 
were still carried out. Unless the samples were required 
for immediate analysis the tubes were stoppered and 
stored at 40C. 
Total carbon dioxide content was measured by 
duplicate analyses of 1.0 ml aliquots of serum, using 
28 
the microdiffusion technique of Conway and No.1 Conway 
units. From these results the corresponding bicarbonate 
concentrations were calculated using the conversion factor 
quoted by Wootton29. 
An EEL flame photometer was used to determine plasma 
sodium and potassiui concentrations. The plasma was 
diluted 1:500 and 1:50 for sodium and potassium analyses, 
and, for convenience, a mixed standard solution Was used 
to calibrate the instrument 69 70. 
Plasma chloride concentrations were measured using 
an EEL chloride meter in accordance with the manufacturers' 
instructions. Plasma samples were diluted 1:50. Plasma 
inorganic phosphate concentrations were determined using 
the method of Delsal and Menhouri as described by Wootton29. 
The optical density measurements were made using a Unicem 
SP 500 spectrophotometer. Plasma urea concentrations were 
measured by Nessler's method - also described by Wootton29. 
However, in order to bring the deflection on the absorption 
meter of the Unlearn SP 500 spectrophotometer into the range 
of 0.300 to 0.800 it was necessary to use 0.2ml aliquots 
of plasma, and the standard urea and urease solutions. 
The specific gravities of blood and plasma were deter- 
mined by weight, using 10 ml aliquots of well mixed blood, 
and plasma. The determinations were carried out at room 
temperature. 
Analysis of variance of the results was undertaken in 
order to determine the significance of any differences 
observed between the individual ponies. 
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RESULTS 
Summaries of the results of analyses of blood and 
plasma samples from the five Shetland and Shetland-cross 
ponies are presented in Tables 11 to 21. Complete lists 
of individual results are presented in Appendix No.l. 
TABLE No.11 
PACKED CTTT VOLUMES (2') 
malmosm===== 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
35.0 33.5 33.0 37.5 30.5 34.0 
1.5 3.5 2.5 4.5 3.0 4.0 SDO 
n 12 15 15 14 14 70 
Range 33.0 to 25.5 to 28.0 to 26.0 to 23.5 to 23.5 to 
37.0 37.5 36.5 43.0 34.0 43.0 
The packed cell volume percentages of the individual ponies 
exhibited statistically significant differences (1?<0.05). 
TABLE No.12 
PLASMA SODIUM CONCENTRATIONS mEo 1 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
136 134 133 130 135 133 
S.D. 5 4 3 6 4 4 
n 13 15 16 14 14 72 
Range 125 to 128 to 129 to 120 to 130 to 120 to 
139 138 138 138 140 140 
Though analysis of variance revealed significant 
differences (P.(005) between the plasma sodium concentrations 
of the individual ponies, the percentage difference between 
means wag, small, and no individual mean value differed from 




Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 4.05 4.75 
S.D. 0.60 0.45 
n 13 15 
Mange 3.10 3.80 
to to 
3.85 3.75 3.80 4.05 
0.35 0.50 0.20 0.55 
16 14 14 72 
3.00 2.70 3.50 2.70 
to to to to 
4.95 5.50 4.40 4.30 4.20 5.50 
Differences between the plasma potassium concen. 
trations of the individual ponies were highly significant 
(p<0.01) but it is likely that the higher values exhibited 




Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 101 100 
S.D. 2 3 
n 12 15 
Range 99 to 93 to 
106 104 
100 99 100 100 
2 3 .; 3 2 
14 14 14 69 
97 to 95 to 95 to 93 to 
104 105 105 106 
There was no significant difference (p<0.05) between 
the plasma chloride concentrations of these ponies. 
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TABLE No.15 
PLASMA. INORGANIC PHOSPHATE CONCENTRATIONS P 100 mll 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 3.09 3.17 3.09 3.57 2.46 3.08 
S.D. 0.93 0.59 0.55 0.58 0.68 0.74 
n 12 16 14 14 14 70 
Range 1.28 to 1.96 to 2.08 to 2.70 to 1.30 to 1.28 to 
4.77 3.98 4.30 4.38 4.11 4.77 
A significant difference between ponies in their 
plasma inorganic phosphate concentrations was observed 
(P<0.05). This observation may be attributable to the 
lower values obtained from MacGowan. 
TABLE No.16 
PLASMA UREA comanTRATToNs m urea 100 ml 
.., 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
7 29.1 56.7 35.1 31.2 27.4 36.9 
S.D. 7.8 11.5 15.1 10.3 5.3 15.4 
n 12 15 13 14 13 67 
Range 20.0 to 42.2 to 15.5 to 17.7 to 20.3 to 15.5 to 
47.9 87.0 59.2 51.0 40.5 Q7.0 
It is evident that the mean plasma urea concentration 
of one pony (Jimmie) was much greater than that of the 
others. Doubtlessly the Iligher values discovered in this 
pony were responsible for differences in plasma urea 
concentrations between ponies being highly significant 
(P<0.01). Appendix No.1 (vi) illustrates a consistent 
trend towards high plasma urea concentrations in this pony. 
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TABLE No.17 
SPECIFIC GRAVITY OF BLOOD 
Pony Scruffy Jimmie Billie Ben MacGowar. All Ponies 
R 1.050 1.050 1.056 1.056 1.047 1.052 
S.D. 0.004 0.003 0.008 0.004 0.007 0.006 
n 8 8 8 8 8 40 
Range 1.044 1.046 1.050 1.047 1.037 1.037 
to to to to to to 
1.056 1.054 1.069 1.060 1.058 1.069 
Differences between the whole blood specific gravity 
of the five ponies were highly significant (P <ßo1). The 
pony from whom the lowest specific gravity results were 
obtained also had persistently low packed cell volume 
percentages at these times (see Appendix 1 (vii)). 
TABLE No.18 
SPECIFIC GRAVITY OF PLASMA 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 1.026 1.026 1.027 1.024 1.027 1.026 
S.D. 0.002 0.003 0.003 0.004 0.003 0,003 
n 8 8 8 8 8 40 
Range 1.023 1.021 1.023 1.017 1.023 1.017 
to to to to to to 
1.029 1,030 1,031 1.029 1.032 1.032 
The significant difference (P <0.05) between the 
plasma specific gravity values of these ponies is probably 
due to the lower values detected in Ben. The means, 
standard deviations and ranges of the results obtained 




Pony Scruffy Jimmie Billie 
7.405 7.400 7.380 
S.D. 0.015 0.020 0.040 
n 14 15 12 
Range 7.380 7.370 7.280 
to to to 
7.435 7.430 7.420 
.19 
H 















Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 45.5 46.0 46.0 44.5 46.5 45.5 
S.D. 3.5 2.5 2.5 2.5 3.5 3.0 
n 14 15 12 12 12 65 
Range 38.0 to 42.5 to 42.0to 40.0 to 38.0 to 38.0 to 
50.5 51.0 50.0 49.0 51.0 51.0 
TABLE No.21 
pERTNIBICONATEMTRA'IONSmEl 
Pony Scruffy Jimmie Billie Ben MacGowan 
28.7 27.9 27.8 26.9 28.2 
S.D. 2.0 1.2 1.0 2.0 1.2 





Range 25.9to 25.6 to 25.7to 23.7 to 26.4 to 23.7 to 
32.8 29.5 29.5 29.9 30.5 32.8 
There were no statistically significant differences 
(P<0.05) between the five ponies with respect to venous 
pH, pCO2 and serum bicarbonate concentrations. 
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DISCUSSION 
(i) VENOUS PACKED CELL VOLUME PERCENTAGE 
The results obtained from the ponies accord with 
those reported by authors who investigated other types of 
cold- blooded equines1 2 
4 7 9 13 14 which were mainly,but 
not exclusively, represented by draught animals. The mean 
packed cell volume percentage of all the ponies was higher 
than that of the ponies studied by Deavers eetalal.17. It 
was also higher than the packed cell volume percentages 
of Stewart's and Holman's1 two Shetland ponies, though a 
paucity of results from the latter made a very meaningful 
comparison impossible. 
Although Tacker' failed to observe any significant 
difference between the venous haematocrit of his thoroughbreds 
and non -thoroughbred horses, it is probable that because 
all were "riding type" horses they would be doing similar 
work. It is possible, too, that some of the non-thorough- 
breds could have had some thoroughbred ancestry. 
Littlejohn, Sr4ter14 and Marcilese et äl.9 all 
reported statistically significant differences between hot 
and cold blooded horses. Schalm13 emphasised that when 
assessing a haematocrit value, it should be known whether 
the horse in question was hot or cold blooded. 
This raises the basic question of why such a differ- 
ence occurs, and what factors can influence the packed cell 
volume percentage. 
McLeod and Ponder 71 believed the higher packed cell 
volume percentages of thoroughbreds to be basically a 
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genetic phenomenon. Marcilese et al.9 stated that the 
differences in both venous and "whole body" haematocrits 
between thoroughbreds, saddle horses and Percheron-cross 
draught horses were related to the physiological character,- 
sties of the breeds, but they did not venture an opinion 
of whether or not these differences were inherited or 
acquired. 
A possible correlation between the age of a horse 
and its haematocrit was investigated by several workers8 9 
11 72. Archer8 found no correlation between the age of a 
horse and its haematocrit. His narrow range of results 
from a large number of horses whose ages ranged from birth 
to adulthood illustrate his conclusion. Marcilese et al.9 
stated that only in the first few months of life, and in 
advanced years was age likely to influence the venous 
haematocrit. Medeiros, Martins, Ferri and Barcelos?2 
working exclusively with thoroughbreds - also studied the 
influence of age on the haematocrit and found that in 
early life the haematocrit was lower than that of the 
mature animal. The increase towards the packed cell 
volume percentage of the adult thoroughbred was found by 
Medeiros et al.72 to commence when the foals were approx- 
imately three weeks old. They appeared to relate this 
increase to age alone, and no other causes were suggested. 
Collins11, noted that the packed cell volumes of 
his thoroughbreds were higher in horses of three years and . 
over than in animals below this age, but from his knowledge 
of their management he attributed the higher packed cell 
volume percentages of the older age group primarily to . 
their greater degree of physical fitness, as opposed to 
age alone. 
Thus, opinions differed somewhat upon the extent to 
which the age of a horse influenced its venous haematocrit, 
but evidence strongly suggests that in the mature years of 
a horse's life age differences alone apparently had no 
affect upon the haematocrit. Hence, any differences in 
the results from the five Shetland ponies, whose ages 
ranged from five to sixteen years old, were unlikely to be 
due to age, since the age range did not encroach upon im- 
maturity nor advanced years. Furthermore, there was no 
correlation between ages and the mean venous packed cell 
volume percentages of these ponies. 
Littlejohn4 quoted Neser as stating that the higher 
packed cell volume percentages observed in thoroughbreds 
result primarily from regular exercise, rather than from 
their breed, age or sex. This partly supports Collin's11 
theory that the fitter the horse, all other things equal, 
the higher its haematocrit will be, though presumably 
"fitness" in Neser's context implied speed as well as stamina, 
for the work of a draught horse, albeit slow, requires 
strength and sustained effort, if not speed. McLeod, 
eß.25 believed that the plane of nutrition influenced 
the haematocrit. 
That the venous haematocrit of the five Shetland 
ponies resembled those of draught horses more closely than 
those of thoroughbreds was expected, since the conformation 
37 
and management of the ponies resembled those of draught 
animals, and differed greatly from those of the thorough- 
bred horse. 
It has been often reported, and is widely accepted, 
that the manner of handling equines prior to and during 
blood sampling can profoundly affect the packed cell 
volume percentage of the sample60 61. The horse is 
normally a nervous animal, well adjusted to the "fright and 
flight" phenomenon, and a sudden rise in the level of circu- 
lating adrenalin is rapidly followed by an increased 
haematocrit61. Whilst splenic contraction is generally 
believed to be mainly responsible for this increase in 
haematocrit16 1, evidence suggests that other physiological 
mechanisms causing a redistribution move of red cells to the 
peripheral circulation are evoked12 61. The use of a twitch 
and /or tranquilising drugs for restraint, undue excitement 
and /or fear, and exercise have all been shown to effect 
changes in the venous haematocrit12 l 15 18 
60 61 73 and 
this is why, to avoid distress, the Shetland ponies were 
restrained by haltering only. Furthermore the ponies had 
always rested before blood samples were taken. 
The use of jugular catheters for frequent blood 
sampling was found by some workers to be advantageous? 60 
73 74 
. This is not considered worthwhile in the case of 
the Shetland ponies, where, in the course of this work many 
days often elapsed between sampling from individual animals. 
Also, the use of Becton- Dickinson vacutainers, as opposed 
to syringes, made possible the use of fine gauged needles 
which caused minimum tissue trauma, and discomfort. Further- 
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more the, ponies ` ere : ccustQmei to the procedure of 
se piing end seldom eppeere ! disturbed. 
Mmny fectors c pnble of effecting the 
results of necked cell volume determinations .exert their 
effect 'fter the withdrew= :1 of the semp1e from the n,nima1. 
Some of these -f ctors can °t least be minimised, if not 
completely elimin ted, by good. technicue» 
The erythrocyte sed.imentntion rite of ecuine blood 
is high compared ith that of other ;species12 55 so that 
adequate mixing of the sample before filling the macro- 
or micro- haematocrit tubes is especially important, 
particularly after a long time lapse between the collection 
of the sample and the packed cell volume determination. 
Triplicate determinations of the packed cell volume 
percentage of all blood samples collected from the ponies 
thus served as . a check of adequate mixing. 
It has been observed that the tonicity of the 
anticoagulant could cause swelling or crenation of the 
erythrocytes20 63. However, the anticoagulant in the 
B -D vacutainers, 143 USP units of freeze -dried heparin, 
exerted no osmotic effect. The temperature of the blood 
at the time of centrifugation has been shown to affect the 
extent of packing of erythrocytes20 65. Lauder20 demon- 
strated that over the range of 5 °C to 25°C the higher the 
temperature the greater the degree of packing and hence 
the more accurate was the packed cell volume reading. 
Varying the proportion of the mierohaematocrit tube 
filled with blood has been implicated as a cause of error°2 
75 76 77 78 Love and Kirkham62 found that discrepancies 
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of about 1.5% arose from tubes 1/3, 2/3 and completely full 
of blood. These differences were statistically highly 
significant (F<0.01). The percentage of trapped plasma 
was least in the red cell columns of tubes containing least 
blood, because the mean effective radius of centrifugation, 
taken as the distance from the centre of the centrifuge 
to the centre of the erythrocyte column (M.E.R.C.), and 
hence the relative centrifugal force (R.C.F.), were greatest. 
[R.C.F. (dynes) = 1.119 x l © x (r.p.m)2 x M.E.R.C.] 
Hlad and Holmes67 concurred with Love and Kirkham62 and 
discovered that the time of centrifugation exerted an effect 
upon the final result too. Other workers believed that 
errors arising from varying the length of the blood column 
in the microhaematocrit tubes were very small, and to the 
point of being undetectable63 64. 
In the course of the work carried out with the 
Shetland ponies the microhaematocrit tubes were approximately 
i filled with blood. The results could only be read to be 
nearest 0.5% on the microhaematocrit reader, so that 
variations of less than this were undetectable. Further- 
more errors could arise due to a parallax effect between 
the top of the red cell column and the line on the micro- 
haematocrit reader, so that the shorter the red cell column 
the greater was the % error in reading. Whilst the greatest 
possible accuracy was aimed for, reading errors of 0.5% 
could arise however much care was taken. In the context 
of the work undertaken with these ponies, and in view of 
other sources of error described in this discussion - many 
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not completely avoidable - the significance of any error 
arising due to the degree of filling of the microhaemato- 
crit tubes was disregarded. 
Several authors examined the problem of plasma 
trapping in the erythrocyte column20 62 66 67, and others 
applied correction factors obtained from published work? 9 
73« Hiroto66, one of the earliest workers to concern him» 
self with this problem, discovered a mean value of 15% 
for plasma trapped amongst the erythrocytes of equine blood 
after centrifugation. 
Lauder20 found that after samples of equine blood 
had been centrifuged at 1,500g for 60 minutes at 25°C 
there was 2.8 ± 0.3% (mean ¢ SD, n = 32) plasma "trapped" 
amongst the packed red cells. Changing the ratio of 
cells ;plasma in samples was found not to change the per- 
centage of plasma "trapped" though Lauder24 observed that 
the narrower the bore of the microhaematocrit tube, the 
higher was the packed cell volume percen zh, Contrary to 
Lauder's finding was that of Hiad and Holmes67 who stated 
that the quantity of plasma trapped in the erythrocyte 
column was affected by the haematocrit. 
Lauder discovered that in any microhaematocrit 
blood sample the amount of plasma trapped increased from 
the base of the tube to the cell /plasma interface. This 
observation aocords with that of Love and Kirkham62. 
The time and force of centrifugation of blood 
samples from the ponies were constante Because the error 
arising from plasma trapping in the microhaematocrit tubes 
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was likely to be very small18 65, and because the packed 
cell volume percentages of the Shetland ponies were 
intended primarily for comparative purposes67 no 
correction factor was applied. 
(ii) ELECTROLYTES AND UREA 
The total mean plasma sodium concentrations in these 
ponies was lower than all those listed in Table No.2 with 
the exception of that quoted by Alexander23 and the lower 
limit of the range of plasma sodium concentrations exhibited 
by the ponies was much lower than that discovered by workers 
who published the ranges of their results1 3 16 22. Before 
attempting to ascertain the reason(s) for these low results 
it was obviously necessary to eliminate errors in analytical 
technique. In an effort to ensure that the flame photometer 
was not malfunctioning frequent checks of the stability of 
the instrument were made throughout series of analyses. 
Checks of the standard solution were made using 
another standard solution containing 150 mEq /1 of sodium, 
prepared by a colleague. Agreement was found to be within 
± 1 rnEq /1. When sufficient quantities of plasma were 
available duplicate determinations of the sodium concen- 
trations were performed. Agreement was again found to be 
within ;- 1 m q /l. 
The total mean plasma sodium concentration differed 
from Alexander's23 mean by only 1 mEq /l. Since both results 
were derived from Shetland and Shetland -cross ponies the 
question arises of whether the comparatively low sodium 
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levels are a breed characteristic, and it was unfortunate 
that no further reports of plasma sodium concentrations 
in such ponies were discovered. However, the possibility 
that the age, diet and management could exert an effect 
upon the concentration of this electrolyte was worthy of 
consideration. 
The ages of the five Shetland ponies ranged from 
five to sixteen years. However, Arnrousi and Soliman8° 
showed that a horse's age did not appear to affect its 
plasma electrolyte concentrations. Moreover the mean 
values from the youngest and the oldest ponies (MacGowan 
and Jimmie respectively) did not fall at the extremes of 
the range of means. 
It seemed unlikely that the diet of these five ponies 
exerted a significant effect upon their plasma sodium con- 
centrations. Many of the mean values quoted in Table No.2 
were derived from horses fed solely on hay. The notable 
exceptions were the working thoroughbreds, and their mean 
plasma sodium concentrations did not markedly differ from 
those of other groups of horses. 
In another publication Alexander81 reported upon 
differences he observed in the range of plasma sodium and 
potassium concentrations between ponies who were permanently 
stabled, and who consequently received virtually no 
exercise, and a group of vigorously exercised hunters. The 
mean plasma sodium concentrations of the stabled ponies 
was approximately 20 mEq /1 greater than that of the hunters, 
and the range of sodium concentrations in the stabled ponies 
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was approximately seven times greater than that of the 
hunters. However, this observation needs cautious inter- 
pretation. Because Alexander81 was not able to vigorously 
exercise the ponies nor stable and rest the hunters he was 
able to prove that exercise, or lack of it, was responsible 
Í r the differences he observed. Furthermore, whilst it is 
not suggested that a discrepancy in the sample numbers 
wholely accounts for the differences observed by Alexander81 
it is worthy of note that the number of observations made 
of the stabled ponies was approximately three times that made 
of the hunters, so that a greater range of values in the 
larger population would be expected. 
The total number of measurements of plasma sodium 
concentrations in the five Shetland and Shetland -cross ponies 
used for the work described in this thesis was seventy -two. 
This is similar to Alexander's 
81 
sample number of sixty - 
seven, but the concentration range observed by Alexander81 
was greater than twice the range of values from the five 
Shetland and Shetland -cross ponies, and the mean plasma 
sodium concentration of Alexander's ponies was nearly 
10 mEq /1 greater than that of the five Shetland -type ponies. 
Unfortunately Alexander61 failed to specify the number of 
ponies he examined. It was deduced that permanent stabling 
and lack of exercise probably did not solely account for 
the comparatively low plasma sodium concentrations observed 
in the ponies used in the work described in this thesis. 
None of the work so far described and discussed has 
excluded the possibility of the comparatively low plasma 
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sodium concentrations of the five Shetland and Shetland - 
cross ponies being a breed characteristic. Of the five 
ponies, one was known to be pure Shetland, two were 
judged likely to be pure Shetland, and the remaining two 
were considered to be of mixed, but predominantly Shetland 
breeding. If a tendency to a lower -than- average plasma 
sodium is inherited, and if this characteristic is dominant, 
then there is an excellent chance that it would be manifest 
in most purebred Shetlands, and in many Shetland crosses. 
Unfortunately no other Shetland ponies were available for 
examination. A change in the system of management of 
these ponies would have been the obvious way of investi- 
gating whether permanent stabling and lack of exercise 
influenced the plasma sodium concentrations of these ponies. 
It was concluded that the results obtained from the 
five ponies were a true reflection of their normal plasma 
sodium concentration ranges. It was unsatisfactory to 
be unable to show why these values differed from those 
obtained by other workers, but no definite conclusions 
could be drawn, either from the work of others or from the 
work reported in this thesis. However, since the system of 
management of these ponies was constant throughout t 
whole time they were used, the results were valuable in 
determining the extant to which experimental treatments 
disturbed the normal electrolyte concentrations. 
The commonly accepted normal range of plasma potassium 
concentrations in human subjects isc 3.50 to 5.50 mEq /153. 
No universally accepted normal range for equine plasma 
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potassium concentrations appears to have been adopted, 
though Tasker3 proposed that equine plasma potassium 
concentrations should normally fall within the limits 
of 2.40 to 4.70 mEq /1. The range obtained from the five 
Shetland and Shetland -cross ponies of 2.70 to 5.50 mEq /1 
had higher limits than those suggested by Tasker3 whose 
proposed normal values were derived partly from his study 
of available relevant literature, and partly from the 
results he himself determined experimentally. Tasker's3 
lowest result of 1.7 mEq /1 appears grossly abnormal, and 
lies well beneath his own defined lower limit of normality 
though he reported that all the horses he studied were 
apparently healthy. Unlike Alexander81 and Soliman and 
Nadim82, Tasker3 found no evidence of management and 
exercise influencing plasma potassium concentrations in 
his horses. 
Excluding Bernstein's22 high results, a general 
trend towards the potassium concentration in serum being 
higher than in plasma was evident from Table No.3. Little - 
john4 was able to demonstrate this difference using paired 
serum and plasma samples obtained simultaneously from 
individual horses. Littlejohn stressed that this differ- 
ence could be masked by errors in technique, including 
delay in the separation of the plasma or serum from the 
red cell mass, and the use of an anticoagulant (in the 
case of plasma samples) which contained potassium. 
Haemolysis could be a considerable source of error too. 
These errors all cause increases in plasma potassium 
concentrations. 
4-5 
Pertinent to the discovery that in the blood of 
an individual horse at any given time the serum potassium 
concentration was higher than that in plasma is the work 
of Pannai and Rossi 59 , who reported that the same was 
usually true in paired plasma and serum samples from man. 
They also emphasised the errors which could arise as a 
result of haemolysis. Pannal and Rossi59 advocated the 
use of plasma rather than serum for potassium estimation 
because in their opinion the use of serum could conceal 
hypokalaemia when the plasma potassium level was below the 
lower limit of the accepted normal range. 
Panne' and Rossi 59 quoted Phleiderer's postulation, 
and his supporting evidence, that thrombocyte destruction 
during coagulation releases potassium. Whilst proof that 
an identical process occurs in equine blood is lacking, 
Littlejohn's 
4 
observation provided strong evidence in 
favour of potassium release at some stage between the 
collection of a blood sample and the analysis of the serum 
therefrom. 
AU the mean values of the ponies' plasma chloride 
concentrations fell within the normal range of equine 
plasma chloride concentrations proposed by Tasker3 though 
four of the ponies yielded individual results which were 
below Tasker's proposed lower limit of normality. No 
result ever exceeded Tasker's upper limit of 109 mEq/1. 
Since the ranges of plasma chloride concentrations 
from all of the ponies were similar it was considered 
that the normal range for these animals was lower than 
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Tasker's3 and no special significance was attached to this 
difference, especially as the values from these ponies 
were similar to those found by some other workers4 
24 25. 
Though McLeod et ál.25 published concentrations of serum 
chloride, no reference was discovered which suggested that 
serum and plasma chloride concentrations differed. 
No publication reviewed indicated that differences 
might arise between the inorganic phosphate content of 
serum and plasma. Neither was there any suggestion that 
plasma and/or serum inorganic phosphate concentrations in 
thoroughbred horses and non -thoroughbred horses and ponies 
consistently differed. 
Most of the results obtained from the Shetland and 
Shetland -cross ponies fell within Tasker's3 suggested 
normal concentration range of 2.0 to 5.0 mg P /100 ini, and 
were similar to those obtained by Stewart and Holmanl from 
their two Shetland ponies. 
The mean plasma urea concentrations of four of the 
five Shetland ponies were similar. The reason for Jimmie's 
high plasma urea levels is unknown. This discovery was not 
investigated further. 
Since Tasker's3 range of 10--25 mg urea nitrogen /100 ml 
plasma is equivalent to 21.4 to 51.4 mg urea /100 ml plasma, 
the range of values determined in the other four ponies is 
similar both to Tasker's proposed normal range and to the 
results of Jennings and Mulligan27. Campbell and Watts83 
discovered that in cattle which showed persistently high 
blood urea levels concurrent fluid and erythrocyte distur- 
bances were frequently present. These included hypo- 
chloraemia, which was often very severe, especially when 
blood urea levels were very high, low plasma sodium con- 
centrations, and, sometimes, low plasma potassium concen- 
trations. No evidence of hypochloraemia or hypokalaemia 
was found in this pony, and plasma sodium was not markedly 
lower than in the other four ponies. 
Plasma was used to measure the urea concentrations 
in the five Shetland and Shetland-cross ponies, chiefly 
in order to avoid the turbidity which can develop when 
Nessler's reagent is added to a filtrate containing 
glutathione and ergothioneine29. 
(iii) SPECIFIC GRAVITY 
Since erythrocytes have a higher specific gravity 
than plasma it would be expected that low packed cell 
volume percentages would be conducive to a low blood 
specific gravity value, and this was observed in MacGowan. 
Other than a general trend towards higher packed cell 
volume percentages corresponding with higher specific 
gravity values, there was no obvious direct relationship 
between packed cell volume percentages and the whole blood 
specific gravity values of these ponies. 
The total mean blood specific gravity value 
obtained from the five ponies was identical to that gusted 
by Schalm 
13 and Barros Santos 
2 
. It was also identical with 
the mean value discovered by Stewart and Holman', in two 
Shetland ponies, and it was similar to the results they 
obtained from other cold blood horses and ponies. However 
the range of results obtained from the five Shetland and 
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Shetland-cross ponies was wider than those quoted by 
Stewart and. Holman 1 and Schalm 13 . 
Unfortunately no reference to the specific gravity 
of equine plasma was discovered, so it was impossible to 
compare the results with any others. However, Barros 
Santos 2 and Eder 31 both published very similar results 
of their measurements of serum specific gravity, and the 
mean plasma specific gravity values of these ponies closely 
resemble the results obtained by these two workers. It 
was deduced that the variation in plasma specific gravity 
observed in the individual ponies was the most likely 
reason for the lack of a direct relationship between the 
packed cell volume percentages and the specific gravity 
of the samples. 
(iv) ACID13ASEPPRATER0MEc' 
From the results of venous blood ph measurements in 
these ponies, and from the results published by others, 
with one exception 
4 
, it appeared that the mean pH of equine 
venous blood was lower than the often-quoted normal human 
mean value of 7.42. 
In view of the difficulties and sources of error 
reported by Littlejohn and Mitchell, no attempt was 
made to obtain capillary blood samples from the Shetland 
ponies. Because the hazards of obtaining arterial blood 
samples were considered to outweigh the advantages of a 
knowledge of arterial blood pH, no arterial blood samples 
were collected either. The collection of venous blood from 
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the jugular vein was easy for the operator, and relatively 
painless and risk-free for the ponies. Venous blood was 
found to be satisfactory for comparing differences in acid/ 
base parameters between -the individual ponies, and between 
these ponies and animals investigated by other workers. At 
a later stage the results obtained were used to study the 
effect of experimental treatments, when each pony was used 
as his own control. 
The mean pCO, values of the five Shetland ponies 
were in close agreement. The ranges of the values were 
also similar. The mean pC0 
2 
pressures in the venous blood 
of these ponies were somewhat higher than most of those 
listed in Table No.9. The results from all five ponies 
provided further evidence for the normal pCO2 of equine 
venous blood being greater than that of man. However, the 
mean values from these ponies are higher than Littlejohnts52 
proposed normal mean. 
The length of time which can elapse after withdrawal 
of the blood samples before changes in pH and pCO2 reach 
measurable dimensions does not appear to have been reported. 
The E.I.L. blood gas analyser used in the course of the work 
with the Shetland ponies measured pH to 0.005 unit, and 
pCO2 pressures to 0.5imHg. Samples were injected into the 
instrument within 3 to 4 minutes of their collection, so 
that if delay in performing measurements was a source of 
error it was minimised by rapid transference of the blood 
sample to the blood gas analyser. Exposure of the samples 
to atmospheric air was also minimal. The transfer of blood 
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from a hitherto sealed tube into a syringe before it could 
be injected into the pH and pC42 cuvettes was accomplished 
very rapidly by inserting a needle via the seal deeply 
into the blood in the vacutainer. Care was necessary to 
avoid bubbling air through the blood samples. These pre- 
cautions in sampling and analytical techniques were be- 
lieved to minimise avoidable error. 
All ponies had similar ranges and mean values of 
serum bicarbonate concentrations. The results from these 
ponies compared closely with most of the bicarbonate con- 
centrations listed in Table No.103 4 48 52, though some of 
the data listed in this table were derived from arterial 
and capillary blood, as well as venous blood. The results 
obtained by Tevik et al. ̀ 4, are low compared both with 
those from the five Shetland ponies and the others listed 
in Table No.l©. 
Where methods of quantitative analysis of bicarbonate 
vary, differences in results are likely, and indirect 
determinations, which usually consist of calculating bi- 
carbonate levels from direct measurements of pH and pCQ2 
and applying the Henderson -Hasselbach Equation, or using 
a nomogram (also based on the Henderson- Hasselbach 
Equation), will yield different values to those determined 
-, 
by direct measurement 
52 
. Thus, for accurate comparisons, 
analytical techniques must be identical. The use of 
human nomograms for assessing equine acid /base parameters 
is also a source of considerable error72. 
All blood samples for bicarbonate determinations, 
J2 
collected during the course of this work were collected 
under mineral oil in a sealed tube. Paulsen 56 published 
some controversial viewpoints on the value of paraffin 
oil for protecting blood samples intended for bicarbonate 
analysis. He quoted Kubie 84 who declared that paraffin 
oil was not ideal for this purpose because carbon dioxide 
was more soluble in paraffin oil than in water, and there 
was also the added difficulty Of pipetting offthe plasma 
or serum without some paraffin oil entering the pipette. 
Paulsen56 also quoted Peters and Van Slyke57, who, 
contrary to Kubie 84 , stated that blood kept under paraffin 
oil incurred no great carbon dioxide loss, but centrifu- 
gation caused a loss whether or not the sample was 
protected by paraffin oil. Harrison58 was reported to have 
found that stoppering the tubes containing the samples 
afforded adequate protection against carbon dioxide loss, 
and this obviated the use of oil. 
Paulsen 56 himself discovered that stoppering the 
container immediately after the collection of the sample 
was as effective a protection against carbon dioxide loss 
as paraffin oil, provided the container was completely 
filled. He observed that refrigeration of the samples 
reduced carbon dioxide loss, and confirmed that centri- 
fugation was a major cause of loss. Paulsen 
56 showed 
that unless the plasma or serum was promptly separated 
from the red cells, in vitro erythrocyte respiration in- 
creased the carbon dioxide content of the serum and/or 
plasma. Furthermore, he advocated heparin as the anti- 
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coagulant of choice if plasma was being used, since it is 
neutral, carbonate -free, and, because it exerted no 
osmotic effect, it did not cause the redistribution of 
ions between the erythrocytes and the plasma. Paulsen5b 
found no differences in the bicarbonate concentrations of 
paired serum and plasma samples provided both were treated 
and analysed similarly. 
As far as was possible Paulsen's56 recommendations 
were adhered to in the work with the Shetland ponies. Whole 
blood used for pH and pCO2 measurements was heparised, though 
serum, as opposed to plasma, was used for bicarbonate deter - 
minations. Since the vacutainers did not fill completely 
the covering of mineral oil was advantageous, and because 
the stopper had to be removed before centrifugation, the 
blood was covered at all times between collection and 
analysis. Centrifugation could not be avoided, and re- 
peated centrifugation was sometimes necessary. 
It would seem logical that since paraffin oil had 
been used to protect samples for bicarbonate determinations 
from carbon dioxide loss, the blood for pCO2 measurements 
should have been likewise protected. There were two 
principal reasons for this not being done. Firstly, there 
was the risk that oil could have been introduced into the 
pCO2 cuvette of the blood gas analyser. It proved easy, 
after a little initial practice, to avoid introducing oil 
into the Conway unit from a pipette, and even if a small 
globule was introduced, nothing worse than an equally small 
error in the bicarbonate concentration determination would 
54 
have arisen. Had any oil entered the pCO2 cuvette 
erroneous results would have been obtained, or a complete 
loss of function of the pCO2 cuvette system could have 
occurred. 
Secondly, the vacutainers containing mineral oil 
contained no anticoagulant and thus there was a risk of 
coagulation causing a blockage of the very fine tubes of 
the pCO2 cuvette. This would necessitate the dissembling 
and unblocking of the cuvette. The time lapse of 3 to 4 
minutes between the collection of the sample and its intro- 
duction into the cuvette, plus the time the blood remained 
in the cuvette, was adequate for coagulation to take place. 
The advantages of using vacutainers rather than 






So far as could be ascertained, studies upon equine 
urine are fewer in number than those upon equine blood. 
The earliest account of the volume of urine passed by 
horses was that by Zuntz and Hagemann, quoted by Dïttmer5. 
These two workers investigated thirty -four horses of mean. 
weight 420 kg, and discovered that the mean urine volume 
under normal conditions was 12 ml/kg/day. Swenson85 
published Ellenberger and Scheunert's observation that the 
volume of urine voided by their horses ranged from 3 to 18 
ml /kg body weight /day. 
Tasker's86 investigation of the intake and output 
of water, sodium and potassium in normal horses of approx- 
imately 1,000 lbs weight revealed that an average of 5.5 
litres'of urine containing 4.9Z water was passed daily. 
Tasker87 
88 
reported that under conditions of de- 
hydration approximately 2 litres of urine - the so- called 
daily obligatory urine loss - were passed by his horses. 
Nicholson89 worked with a group of five Shetland 
and Shetland -cross ponies, and measured the volume, pH, 
and the sodium,potassium and chloride concentrations in the 
urine the ponies voided over a twenty -four hour period. 
From the urine volume, and the concentration of these 
electrolytes, the urinary losses /24 hours of sodium, 
potassium and chloride were calculated. Nicholson89 did 
not measure the water intake of these ponies but the total 
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mean urine volume passed/24 hours was 4,240 ml ± 1940 
S.D., (n = 139). Individual mean volumes ranged from 
3,600 mis to 5270 mis. 
Two references to Ellenberger and Scheunert's 
measurements of equine urine specific gravity were 
found 5 26 . They discovered a normal range of 1.025 to 
1.060, and a mean of 1.040. Nicholson89 discovered that 
though there was a tendency taYards an inverse relation- 
ship between volume and specific gravity in the samples 
he examined, no simple relationship was apparent. 
Working with human urine, Galambos, Garland - 
Herndon and Reynolds90 made several observations relevant 
to all urine specific gravity determinations. Their first 
point referred to the human error in the reading of the 
hydrometer. Secondly, they stressed the often-overlooked 
fact that hydrometers are calibrated at one specific 
temperature, and since temperature variations affect the 
density of liquids corrections need to be applied for this. 
Thirdly, these workers emphasised that the specific gravity 
of a fluid indicates its density, but not necessarily the 
amount of solids dissolved. Though Roberts' coefficient 
(K) can be used to estimate total solids, by substitution 
in the equation TOTAL SOLIDS = 1,000 K (S.G. - 1.00)/litre, 
this, in biological fluids of variable composition, should 
be regarded as only the roughest of guides. In complex 
solutions such as urine, where each of the solutes exerts 
its own effect upon specific gravity, and where the relative 
concentrations of these solutes are unknown, specific 
gravity cannot give precise quantitative information on the 
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concentrations of dissolved substances. Galambos et al. 
90 
recommended osmolarity determinations as a far better 
indication of the degree of concentration of urine. 
Several references to the pH of equine urine have 
been published. Tasker 26 quoted Ellenberger and 
Scheunert's discovery of a normal pH range of 7.0 to 8.0* 
Debackere and Laruelle91 reported finding the urine pH in 
specimens from horses used for experimental purposes 
strongly alkaline, and that from racehorses acid or neutral, 
but no further details were furnished, and no explanations 
were offered. 
The mean pH of urine specimens collected from five 
ponies by Nicholson89 was 8.0 4. 0.5 S.D. (n = 139). Indivi- 
dual means ranged from 7.8 to 8.2, and though the total mean 
pH value was just within the upper limit of Ellenberger and 
Scheunert's range, obviously many of Nicholson' 
89 
measure- 
ments must have fallen above the upper limit quoted by 
Ellenberger and Scheunert. Nicholson 
89 
considered that a 
knowledge of the pH of urine was merely a useful guide to 
hydrogen ion concentration, rather than an accurate reflection, 
since other ions, beside hydrogen ions, exert an effect upon 
pH. 
Tasker 
26 86 87 88 92 80 
and Nicholson -1 studied electro- 
lyte excretion in horses. Tasker 
86 
studied clinically 
normal adult horses of approximately 1,000 lbs weight, 
which were fed 10 kg of hay daily, and allowed drinking 
water ad libitum. The sodium content of the hay was 32.9 
mEq/kg giving a total daily sodium intake of 329 mEq 
(drinking water was disregarded as a source of sodium and 
5t3 
potassium). The potassium content of the hay was 393 
mEq /kg - giving a total daily sodium intake of 3930 mEq. 
Mean urinary sodium excretion /24 hours was 7.1 mEq, or 
2.1% of the intake, and mean urinary potassium excretion/ 
24 hours was 2169 mEq, which represented 55Td of the 
intake. 
Nicholson's89 investigation of the percentages of 
the daily sodium and potassium intake excreted in urine 
yielded markedly different results to those obtained by 
Tasker86. Nicholson89 estimated that his ponies each 
ingested approximately 260 mM /day of sodium, and 1330 mM/ 
day of potassium. A mean urinary sodium excretion of 
140 mM /day represented 54% of the intake, and a mean 
urinary potassium excretion of 1320 mM /day represented 
99 %. Thus, though Tasker86 could only account for 2.1:ßd 
of the daily sodium intake and 559 of the daily potassium 
intake in terms of urinary loss. Nicholson89 found that 
over half the daily sodium intake and, virtually all the 
daily potassium intake was excreted via the kidneys. 
Nicholson89 did not estimate chloride intake, but 
he did measure urinary excretion of this anion, and the 
total mean loss in urine passed over a 24 hour period by 
his ponies was 737 mM 4. 350 S.D. (n = 139). Mean daily 
urinary losses from the individual ponies ranged from 
640 mM to 814 mM. He discovered that the concentration 
ratio of sodium: potassium: chloride was approximately 
1:10 :5 in the urine from his ponies. 
when Tasker` 8 withheld food and water from his horses 
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for 8 days be observed an increased urinary sodium 
excretion. He attributed this to the sodium concentration 
in the animals' digestive fluids being greater than that 
in the animals' normal diet. He considered that when food 
and water were withheld, fluid was reabsorbed from the gut 
to replace water and electrolytes normally acquired in the 
diet. To avoid a rise above normal of plasma sodium, most 
of the sodium absorbed from the intestinal tract was 
excreted in urine. Conversely, urinary potassium was 
observed to decrease when dietary potassium intake ceased. 
Because the decrease in urinary potassium excretion that 
Tasker 88 observed was gradual, he believed that equine 
renal potassium regulation was not very closely regulated.. 
Tasker 
88 
quoted Sissta and Grossman 93 who intimated 
that the capacity of the digestive tract of an adult riorse 
ranges from approximately 120 to 150 litres, and that the 
water content of the gut is greater than 8O?. Hence 
Tasker68 postulated that one of the important functions of 
the equine digestive tract was the maintenance of a reservoir 
of water at least some of which could be utilised to offset 
potential dehydration. 
In order to establish the normal ranges of the 
volume, pH, specific gravity and the quantities of selected 
constituents of the urine voided over 24 hour periods by 
the five ponies used for the work described in this thesis, 
urine samples were collected and analysed. The results 




,THE COLLECTION AND ANALYSIS OF 24 HOUR .URI SAKPW, 
FROM UNTREATED PONIES 
The five ponies used for urine collections were those 
from whom blood samples were obtained. Diet and general 
management have already been described, though the 
collection of urine necessitated the ponies standing in 
stalls for the duration of the collection. 
A funnel and harness designed by Warwick 94 was used 
to direct the urine into a plastic collecting bottle of 
approximately nine litres capacity, which was placed in a 
cool covered well at the side of the stall. The collecting 
bottles could not capsize. The ponies were well accustomed 
to standing in harness. 
Immediately after the collection period the urine 
was well mixed before measurements and analyses were under- 
taken. The volume was measured to the nearest 10 ml using 
a 2 litre measuring cylinder. Specific gravity was deter- 
mined using a hydrometer calibrated to 0.001 unit, and pH 
was measured to 0.05 unit with either a Marconi or a AML 
Model 40 pH meter. An EEL flame photometer was used to 
determine sodium and potassium concentrations. A dilution 
of 1:500 was usually adopted for sodium measurements, un- 
less sodium concentrations were below 12 mEq/l, when a 
dilution of 1:250 was found more suitable. For potassium 
determinations a dilution of 1:5000 was made. An EEL 
chloride meter was used to measure urinary chloride con- 
centrations, and 10 ml aliquots of a 1:50 dilution of urine 
were used for analyses. 
The inorganic phosphate concentrations of the 
samples were measured by the method of Delsal and 
Manhouri as already described. It was cutomary to 
use 0.2 ml aliquots of undiluted urine, but When the 
inorganic phosphate concentrations were greater than 
approximately 14 mgP/1 it was necessary to dilute an 
aliquot of the original urine sample and then repeat the 
initial procedures before continuing with the calorimetric 
determinations. The absorption was read in a Unlearn SP 500 
or SP 600 spectrophotometer at 880 n?i. A. tungsten lamp 
was the light source in the SP 500, and a red filter was 
used in the SP 600. 
Ammonium, urea and "total nitrogen" concentrations 
were determined by Nessler's method as described by 
Wootton 29 . To avoid turbidity developing simultaneously 
with colour when Nessler's reagent was added, it was found 
necessary-to add two drops of a 2% iodine/3% potassium 
iodide mixture to the blank, standard and each test samplP. 
This did not affect the intensity of the colour which 
developed when Nessler's reagent was added, and obviated 
the need for cooling the mixtures. 
Net acid/base excretion in urine was measured using 
a modification of JOrgensen's method95. 1.000 N hydro- 
chloric acid was added in multiples of 4 mis to 40 ml 
urine. After boiling, the acidified urine was allowed to 
cool to room temperature. The volume was restored to the 
original volume of urine (i.e. 40 ml) plus the volume of 
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hydrochloric acid used to reduce the pH to 4.00 or below, 
with distilled water. Duplicate blanks and duplicate 
test samples were titrated, as a check of accuracy. Titres 
in each case agreed to 0.05 mis. The two blank samples 
each comprised 50 mis of 7% to 3% formaldehyde solution 
plus one quarter of the total volume of acid added to the 
original 40 ml aliquot of urine. The test samples each 
consisted of 50 ml of 7% to 8% formaldehyde solution plus 
one quarter the total restored volume of the boiled 
acidified urine. 
In a further series of urine collections and 
analyses, the urine passed over a twenty-four hour period 
was collected in the form of the individual samples voided. 
The collection apparatus was modified by the incorporation 
of an electronic temperature sensing device designed and 
constructed by Nicholson and Warwick 96 . This device was 
incorporated for three reasons. Firstly, the exact times 
of urine voidance could be easily calculated from the marks 
on the tracing along the smoked kymograph paper. aecondly, 
since the ponies were left unattended for short times 
during the day, and for circa 10 hours overnight, it was 
possible to ensure that the urine in the collecting bottle 
represented a single voiding only. Thirdly, it conferred 
the less essential but nevertheless practical advantage that 
it was merely necessary to examine the tracing mounted on a 
drum above the stall instead of examining the collector it- 
self, to ascertain whether urine had been passed. 
The individual samples were measured and analysed 
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using the methods already described. Hence, both the 
concentrations and total quantities of electrolytes and 
urea were determined. 
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RESULTS 
The summarised results of analyses of urine samples 
collected from the five Shetland and Shetland -cross ponies 
are presented in Tables 22 to 33. All results were sub- 
jected to analysis of variance in order to determine the 
significance of any differences observed between ponies. 
Complete lists of individual results are presented 
in :appendix No.2. 
The results of the analyses of single samples 
voided by ponies over 24 hour collecting periods are 
presented in Tables 34 to 37. 
TABLE No.22 
URINE VOLUME PASSED IN 24 HOURS 
(ml) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
5450 3180 3880 3340 4480 4080 
S.D. 1760 1160 1550 1430 1390 1700 
n 25 22 23 25 17 112 
Range 1920 to 1550 to 1690 to 1540 to 2000 to 1540 to 
8760 6640 6530 6390 7820 8760 
TABLE No. 23, 
URINE VOLUI PFODUCED ml k BODY WEIGHT 4 HOURS 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 30.5 19.4 21.4 18.4 20.9 22.2 
S.D. 9.9 7.1 8.5 7.9 6.5 9.2 
n 25 22 23 25 17 112 
Range 10.2 9.4 9.3 8.5 9.3 8.5 
to to to to to to 
49.0 40.4 36.0 35.2 36.5 49.0 
ä r 
Differences between ponies in the volumes of urine 
voided /24 hours were highly significant (p<0.01). Urine 
volume /kg body weight /24 hours was very similar in four 
of the ponies. 
TApLE No.24 
y 
SPECIFIC GRAVITY OF URINE SÁMPLES 
Pony Scruffy Jimmie Billie Ben MacGowan Al]. Ponies 
R 1.019 1.030 1.027 1.033 1.029 1.027 
S.D. 0.009 0.004 0.009 0.010 0.009 0.010 
n 26 21 23 25 17 113 
Range 1.005 1.023 1.014 1.013 1.017 1.005 
to to to to to to 
1.044 1.041 1.044 1.049 1.045 1.049 
Highly significant differences (p<0.01) arose 
between ponies in the specific gravity of their urine 
samples. 
TABLE No.2,5 
piI OP URINE SAMPLES 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 8.35 8.50 8.55 8.60 8.55 8.50 
S.D. 0.55 0.50 0.50 0.50 0.50 0.50 
n 26 22 23 25 17 113 
Range 7.35 7.70 7.85 7.50 7.45 7.35 
to to to to to to 
9.20 9.10 9.00 9.05 9.10 9.20 
Differences between ponies with respect to urine pH 
values were insignificant (p >0.05). All ponies exhibited 
very similar ranges of urine pH values. 
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TABLE No . 26 i irL war 
NET ACID /BASE OO i7' T nrr r r.i 
(mEq /24 hours) 
N.B. Net Acid excretion expressed as -ive, Net Base as +ive. 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
Mean 304 336 355 469 438 374 
S.D. 272 117 105 158 343 233 
n 17 13 14 10 16 70 
Range -102 181 129 239 28 -102 
to to to to to to 
1022 591 484 775 1396 1396 
Differences between ponies in the daily excretion of 
net base were highly significant (p<0.01) and the pony who 
excreted the greatest quantity of base also excreted more 
urinary inorganic phosphate than the other ponies. 
TABZE do.27 
SODIUM CONTENT 
( mEqf 24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
X 84 116 116 127 140 116 
S. D 118 82 46 87 109 92 
n 21 20 18 20 17 96 
Range 8 to 15 to 58 to 20 to 27 to 5 to 
510 329 226 338 375 510 
There was no significant difference (p>0005) between 
ponies in their 24 hour urinary sodium excretion. 
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TABLE No.28 mg=
POTASSIUM m CONTENT mommonmoilimmilmimmult 
(mEq/24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 1008 1018 1072 1060 1221 1071 
S.D. 399 410 324 406 595 429 
n 21 20 18 20 17 96 
Range 314 to 265 to 554 to 429 to 529 to 265 to 
1855 1760 1788 2100 2424 2424 
Differences between ponies in daily urinary potassium 
excretion were insignificant (p>0.05). 
TABLE No.R 
CHLORIDE CONTENT to====== 
(mEq/24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
2 536 551 621 605 774 611 
S.D. 294 163 182 342. 392 292 
n 21 20 18 20 17 96 
Range 125 to 282 to 237 to 235 to 243 to 125 to 
1268 916 952 1540 1539 1540 
The differences between ponies in urinary chloride 










(mg P/24 hours) 
Jimmie Billie Ben MacGowan All Ponies 
147.9 72.7 320.3 72.6 136.4 
157.5 38.7 191.3 50.5 151.4 
22 18 21 16 103 
11.6 24.4 89.4 3.2 3.2 
to to to to to 
643.1 157.4 920.9 206.9 920.9 
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One pony (Ben) excreted markedly more urinary in- 
organic phosphate than the others and hence differences 
between ponies were highly significant (p<0.01). No 
significant difference between the urinary pH of this 
pony (Ben) and those of the others was detected, though 
net base excretion/24 hours by Ben was greater than the 





Jimmie Billie Ben MacGowan All Ponies 
R 223 192 260 214 338 239 
S.D. 115 140 160 84 222 150 
n 26 22 18 18 15 99 
Range 34 to 0 to 36 to 86 to 47 to 0 to 
514 577 581 437 680 680 
Differences between ponies in ammonium excretion/24 
hours were significant (p<0.05). No correlation between 
ammonium content and net base content, nor between urine 
pH and ammonium concentrationtwas evident. 









Billie Ben MacGowan All Ponies 
X 23.6 30.2 32.8 32.3 42.5 31.9 
S.D. 8.9 13.5 12.6 17.9 20.8 15.7 
n 19 20 18 17 15 89 
Range 10.7 12.9 12.4 17.3 15.8 10.7 
to to to to to to 
46.7 70.5 67.5 82.2 82.0 82.2 
69 
Differences between ponies in urinary urea 








"TOTAL NITROGEN" CONTENT 
Scruffy Jimmie 
(g/24 hours) 
Billie Ben MacGowan All Ponies 
15.4 16.5 19.1 17.7 24.3 15.4 
5.7 6.1 5.6 7.7 8.0 7.1 
19 20 18 19 16 92 
6.5 6.5 11.6 10.9 13.0 6.5 
to to to to to to 
34.9 33.7 37.1 40.6 40.6 40.6 
*The nitrogen from urea and ammonium only. 
Differences between ponies in urinary "total 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The volumes of urine voided by these ponies over a 
twenty -four hour period were not likely to have been 
identical with the volumes of urine formed over this time, 
since the volume voided depended upon the times the 
ponies emptied their bladders. If a pony commenced the 
collecting period with a full bladder which he emptied 
soon after being put into harness, and if at the end of 
the collecting period the bladder was emptied again, the 
volume of urine collected was likely to be greater than 
that formed by the kidneys over twenty -four hours. 
Conversely, if e pony commenced the collecting period with 
an empty bladder, and ended it with a full one, the volume 
of urine collected would then be less than that formed 
over twenty -four hours. To minimise the differences 
between the volumes voided /24 hours and the volumes formed/ 
24 hours a large number of samples was collected which 
should have yielded values approximating closely with the 
mean urine volume formed over this period of time. 
Alternatively, a more accurate approach would have involved 
catheterising the ponies, but this was decided against. 
In view of the large number of urine samples required 
from the ponies it was believed that repeated catheter- 
isation would have incurred a considerable risk of urinary 
tract infection. Furthermore, because blood samples were 
frequently collected at these times, the packed cell volume 
percentages might have been increased, due to apprehension 
caused by catheterisation. 
75 
The possibility that the concentrations of the 
constituents under investigation in urine voided during 
a single micturition might be identical, or nearly 
identical, with the concentrations in the whole twenty- 
four hour volume was explored. The result from three 
ponies who were investigated are presented in Tables 
No. 34 to 37. The results clearly indicate that the 
volume, pH, specific gravity and the concentrations of 
constituents studied varied considerably between samples. 
Only results from ponies who voided urine four times during 
the twenty -four hours they were observed are presented. 
Other ponies were initially included in the investigation, 
but were excluded when they voided urine more than once 
overnight, thus preventing samples being collected 
individually. In all ponies studied micturition was 
infrequent, and occurred 3 to 6 times daily. 
It was concluded that complete twenty -four hour 
collections were necessary for the accurate determination 
of the urine parameters investigated. It was not possible 
to estimate the quantities of these constituents lost /24 
hours simply by measuring their concentrations in a single 
sample, and then calculating excretion /24 hours on this 
basis. 
The volumes of water imbibed were not measured. The 
mean urine volumes /24 hours voided by these ponies were 
similar to those reported by Nicholson89. This was 
expected, since four of the five ponies studied in the 
course of this work were also included in the group of five 
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ponies investigated by Nicholson89. The reasons for the 
greater volume of urine voided/kg body weight/day by 
Scruffy are unknown. 
Compared with the results obtained from other animals 
by other workers 
5 85 86 the urine volumes/kg body weight/24 
hours voided by these ponies are high. Whilst no reasons 
were ascertained, the conditions under which the urine 
collections took place may have had some bearing upon the 
volumes obtained. The Shetland and Shetland,-cross ponies 
were subjected to a cool environment, and they were not 
exercised, so under this system of management it is probable 
that sweating was minimal. The horses of other workers 
were managed under warmer climatic conditions, were some- 
times exposed to direct sunlight, and were sometimes 
afforded facilities for exercise, so that water lost in 
sweat may have detracted from that in urine. The five 
ponies studied in the course of this work were well 
accustomed to the urine collecting apparatus, but it has 
been observed that until a pony becomes accustomed to the 
procedure of urine collection voluntary retention of urine 
occurs. This might have been the cause of the low volumes 
obtained by others5 85 86. 
The specific gravity values of the urine of these 
ponies are lower than those published by Ellenberger and 
Scheunert5 26. It is likely that the lower specific 
gravity values observed in Scruffy caused the difference 
between ponies to be highly significant. 
A marked trend towards a reciprocal relationship 
between the volume and the specific gravity of urine from 
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these ponies was noted. Hence, since the ponies voided 
a greater volume of urine /kg body weight than the horses 
observed by others5 26 85 86, lower specific gravity values 
would be expected. Although urine volume and specific 
gravity exhibited a degree of reciprocity the relationship 
between these two parameters was not simple89. 
All the individual mean urine pH values of these 
ponies were greater than those observed by Nicholson89, 
and all were above the upper limit of the range discovered 
by Ellenberger and Scheunert, quoted by Tasker26. It was 
not known why these ponies produced a more alkaline urine 
than other equines studied. In no twenty -four hour urine 
sample collected was the pH acid91. Urine pH was con- 
sidered acid when it was less than the pH of blood. Though 
one pony (Scruffy) produced a sample of pH 7.35 this was 
accepted as neutral. 
Nicholson89 stated that the pH of urine was merely a 
guide to the hydrogen ion concentration owing to the 
effects exerted by other ions present. The net acid /base 
content of urine95 was considered to be a more realistic 
indication of the true acid /base status of the urine, be- 
cause it eliminated the influence upon pH of these ions. 
The bicarbonate content of the urine samples was not 
measured separately in the course of this work because the 
samples were exposed to the atmosphere for periods of up 
to twanty -four hours. Had a protective layer of mineral 
oil been used, practical difficulties with measurements of 
volume, pH, and other analyses would have been introduced. 
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In addition the possibility that bicarbonate and /or carbon 
dioxide could have entered the mineral oil would have 
existed84. Only one pony (Scruffy) excreted net acid. 
This occurred on two occasions, despite the fact that the 
pH of the samples was alkaline on each occasion. No obvious 
relationship between urine pH and acid -base content or 
concentration was observed. 
In terms of mEq /24 hours, the mean daily urinary 
sodium excretion of these ponies was similar to that 
observed by Nicholson89, but owing chiefly to discrepancies 
in the estimated daily sodium intake the percentage of 
the estimated sodium intake voided in urine differed 
markedly from the value quoted by Nicholson89. From the 
results of hay analyses97 it was estimated that the ponies 
ingested 313 mEq of sodium daily of which a mean of 116 mEq 
was excreted in urine. This represents 37% of that 
ingested. Nicholson89 estimated that 54% of the daily 
sodium intake was lost in urine. However, since the com- 
position of hay varies considerably97 and because only two 
samples of hay were analysed the results obtained can only 
be accepted as a general guide. Nevertheless, the results 
obtained from these ponies grossly exceeded those values 
observed by Tasker86. Analyses of hay samples indicated 
that the daily intake of potassium by the ponies was 
2026 mEq, and a mean urinary loss of 1071 mEq represents 
52% of the intake. This compares closely with Tasker's86 
result, which showed that out of 3930 m ,q of potassium 
ingested, 2169 mEq -r or 55% - was lost in urine. 
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Nicholson's89 estimate of 99% urinary excretion of the 
potassium intake appears extraordinarily high, in view of 
the loss of potassium in the fae ̂,al fluids, which will be 
described at a later stage. 
From his study of the intake and output of sodium 
and potassium Taaker86 concluded that the sodium intake 
of horses fed exclusively on hay was extremely low, and 
that a strict sodium conservation mechanism must maintain 
the animals in sodium balance. His study also revealed 
the intake of very large amounts of potassium and it was 
apparent to him that the excretion of potentially highly 
toxic quantities of potassium was a vitally important 
renal function. 
Daily chloride intake, calculated from the results 
of hay analyses, was 812 mEq /24 hours and mean urinary 
chloride excretion was 11 mEq /24 hours, i.e. 75% of that 
ingested. Investigations of chloride intake and loss were 
outwith the scope of the work of others, and so no 
comparisons were possible. 
No reference to urinary inorganic phosphate excretion 
by equine animals was discovered, so no comparisons with 
other horses could be made. In no pony studied was there 
any correlation between urinary pH and inorganic phosphate 
concentration nor between net acid-base content and in- 
organic phosphate content. 
It was not known why Ben excreted more urinary 
inorganic phosphate than the other four ponies. However, 
the fact that this occurred could have been the cause of 
S0 
the greater base excretion by this pony95, since the 
majority of the inorganic phosphate would be in the forai 
of the monohydrogen phosphate105. Generally, the greater 
the pH of urine, the greater will be the proportion of 
inorganic phosphate present as monohydrogen phosphate. 
However, due to the activity of other ions present in the 
urine, the proportions of inorganic phosphate present in 
the mono and dihydrogen forms cannot be accurately deduced 
from the pH of the urine sample and the pK2 of phosphate180 
181 It was therefore decided to express the inorganic 
phosphate content of the urine samples analysed as mg of 
phosphorus. 
Although the ammonium content of urine voided by 
these ponies was measured, interpretation of the results 
obtained was difficult. The urine collecting bottles were 
placed in a cool well but it was unlikely that this would 
have completely prevented urea -splitting and the consequent 
in vitro formation of ammonium. It was discovered that 
even after storage at 40C the ammonium content of an 
aliquot of urine increased slightly. 
The addition of a preservative such as toluene 
98 
to 
the collecting bottle might have prevented urea splitting, 
but because many other analyses were performed upon the 
urine collected, and because the effects of toluene upon 
such analyses were unknown, the use of this preservative 
was decided against. Each gram of urea contains 467 mg of 
nitrogen, and from this 33 mEq of ammonium can be formed. 
Thus, any urea splitting would have caused a decrease in 
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the urinary urea content simultaneously with an increase 
in urinary ammonium. 
Since the hydrolysis of urea and consequent 
ammonium production was considered a likely source or 
error, it was decided to measure the so-called "total 
nitrogen" content of the urine samples. This is the 
nitrogen derived from urea and ammonium only. The 
quantity found present in a urine sample is not affected 
by the degree of urea hydrolysis since the accuracy of the 
result obtained depends upon the complete hydrolysis by 
urease of all the urea in the aliquot analysed. The 
nitrogen derived from both ammonium and urea is then 
measured as a single entity. Although there were signifi- 
cant difference (p<O.05) between ponies in total nitrogen 
excretion /24 hours, total nitrogen excretion /kg body weight/ 
24 hours ranged from 0.09 to 0.10 g and thus appeared 
related to body weight. 
Unfortunately no record by other workers of urinary 
ammonium and urea excretion in horses or ponies was dis' 
covereda and therefore it was not possible to compare the 





Of the various aspects of water and electrolyte 
studies in equines, the fluids and electrolytes of the 
gut and faeces appear to have attracted the least 
attention, though Tasker 
86 a7 
88 92, Alexander 
23 55 99 100 
101 and Comline, Hall, Hickson, Murillo and Walker 192 have 
investigated the r8le of the equine gut and the associated 
exocrine glands in water and electrolyte balance. 
Tasker 86 investigated the faecal output of four 
horses whose weights ranged from 411 to 485 kg. These 
horses consumed 10 kg hay daily. The mean volume of 
drinking water imbibed daily was 23.64 and Tasker 86 calcu- 
lated that a further 1.14/day was obtained from hay, 
giving a mean total daily water intake of 24.74/day or 
54 ml/kg body weight. The mean daily weight of faeces 
produced was 18 kg and this contained 14.04 of water 
(56.7% of the total daily intake), c.f. 4.91/day (19.8% 
of the total daily intake) in urine. 
Of the electrolytes present in faecal fluids, 
Tasker86 investigated only sodium and potassium. The 
mean daily faecal sodium loss in his horses was 116 mEq, 
or 35.3% of the intake, and mean daily faecal potassium 
loss was 993 mEq, or 25.3% of the intake. 
Tasker 
87 92 found that the loss of faecal water and 
sodium was greatly increased when scouring occurred, 
though the output of faecal potassium was only slightly 
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elevated. Withholding food and water was observed to 
reduce both the quantity of faeces passed and the water 
content of the faeces88. Tasker88 quoted Sisson and 
Grossman's93 estimate that the digestive tract of the 
horse normally contains circa 100A of water, much of 
which is believed to be available for absorption. 
Alexander23 55 99 100 
101 
studied many aspects of 
the physiology, biochemistry and pharmacology of the equine 
digestive tract very extensively. Though no record of 
faecal analyses was discovered, much of his work, 
especially his studies of the intestinal regions of the 
gut., has a direct bearing upon the results of the investi- 
gations of faecal fluid about to be described. Therefore 
a short description of the composition of some digestive 
tract fluids is relevant here. 
Alexander23 measured the pH and various constituents 
of the digestive tract fluids of horses immediately after 
slaughter. He observed that only in the caudal ileum was 
the mean pH value alkaline, and only in the stomach did 
the pH deviate widely from near neutrality. Mean sodium 
concentrations were lower than the normal range of plasma 
sodium levels in the stomach, jejunum and cranial ileum, 
approximately equivalent to plasma levels in the caudal 
ileum and caecum, and lower than the plasma levels in the 
dorsal and ventral segments of the large colon, and in the 
small colon, Alexander23 considered that the decrease in 
sodium concentration in the regions of the gut distal to 
the caecum was probably an active conservation mechanism 
because the ions were apparently moving against a 
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concentration gradient from the colon to the plasma. 
Potassium concentrations decreased progressively 
from the stomach to the caudal ileum and then increased 
progressively from the caecum to the small colon where 
potassium concentration was greatest. Throughout the gut 
the potassium concentration in the various fluids was 
many times greater than the usual plasma levels. 
Alexaxzder23 stated that since the major part of the gut 
fluid reabsorption occurs in the dorsal and small colon, 
it seemed not unreasonable to believe that the increase 
in potassium concentration in these regions of the gut 
could be partly due to water reabsorption unaccompanied by 
potassium reabsorption. 
Chloride concentration in the stomach was found to 
be high23, and salivary chloride is likely to contribute 
to the content in the stomach, in addition to gastric 
hydrochloric acid secretion55 189. The mean concentration 
of chloride decreased from the stomach to the jejunum 
increased in the cranial ileum and then decreased through- 
out the remainder of the tract. It was discovered that 
equine pancreatic fluid is rich in sodium and chloride 
ions102 
192 and this undoubtedly accounted for part of the 
increased chloride concentration in the proximal regions 
of the small intestine. 
Concurrent with the decrease in chloride concen - 
tration which was observed in those regions of the gut 
beyond the cranial ileum23 was a marked rise in bicarbonate 
concentration, and Alexander23 cited evidence in support of 
this increase being probably mainly due to the secretion 
of bicarbonate, from the serosal to the nucosal sides of 
the intestine. 
In the dorsal colon inorganic phosphate doubled in 
concentration from that in the ventral colon and replaced 
bicarbonate as the major buffer, though bicarbonate was 
still present23. No explanation was offered for this 
discovery, and it does not appear to be established why 
there should be a change in the predominance of different 
buffers in different regions of the lower gut. In the 
small colon inorganic phosphate concentration was also much 
higher than that of bicarbonate, though the levels of both 
phosphate and bicarbonate decreased somewhat. 
Alexander101 stated that the concentration of urea is 
higher in the colon than elsewhere in the digestive tract, 
and he postulated that endogenous urea might pass from the 
gut wall into the lumen. Alexander and Davies103 found urea 
throughout the digestive trace from the stomach to the small 
colon. The highest concentrations were those in the large 
colon, though high concentrations were present in the 
small colon too. Using paired intestinal content samples 
from a pony with indwelling cannulae in the ventral and 
dorsal segments of the large colon, Davies104 was able to 
demonstrate urea concentrations in the dorsal colon that 
were approximately twice those in the ventral colon. 
A quantitative study of the faecal fluids excreted 
by the five Shetland and Shetland -cross ponies was under,- 
taken for three reasons:- 
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l) To assess the output of. sodium, potassium and 
chloride in faeces, in an effort to balance the 
intake and output of these electrolytes. 
2) To assess the relative importance of the faecal and 
urinary routes of excretion of selected electrolytes 
and urea. 
3) To compare the composition of digestive tract fluids, 
especially small colon fluid, with faecal fluid. 
`3? 
THE COLLECTION OF 24 HOUR FAECES SAMPLES FROM 
UNTREATED PONIES AND THE ANALYSIS OF FAECAL FLUID 
Faeces were collected over twenty -four hour periods 
from the same five Shetland and Shetland-cross ponies from 
whom blood and urine samples were obtained. Diet and 
management have already been described, though the 
collection of faeces necessitated the ponies standing in 
stalls for the duration of the collection. 
The collecting apparatus is illustrated in the 
photograph overleaf. The plastic shute was attached at 
its proximal end to a small rubber- covered triangular metal 
frame which fitted around the anus of the pony. The shute 
extended from immediately below the anus to approximately 
six inches above the base of the large plastic collecting 
bin. The frame was secured in situ by three straps. The 
forked upper strap formed a crupper which was secured 
around the webbing girth, Each of the lateral straps 
passed from to lateral corners of the triangular frame 
behind and between the animal's hind legs and extended 
forwards along the flanks. These were also secured around 
the girth. The harness was fitted sufficiently tightly to 
prevent the shute slipping, or being pulled up and away 
from beneath the anus when the pony lifted his tail 
immediately before defaecation. As an additional safeguard 
against loss of a faecal sample the shute was surrounded 
by a thin polythene funnel. This extended at its upper 
end from beneath the shute to above the pony's tail, and 
APPARATUS FOR THE COLLECTION OF FAECES FROM 
PONIES 
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at its lower end it encircled the collecting bin to which 
the sides of the spute were secured with clamps. when 
the pony stood in a. stall two horizontal metal bars were 
interposed between the rear of the pony and the collecting 
bin to prevent the bin being kicked over or away. 
The collecting bin was weighed before collection 
commenced, and again immediately after collection. The 
difference between the two weights represented the weight 
of faeces voided over the preceding 24 hours. The faeces 
were thoroughly mixed before sampling, and a weighed aliquot 
was dried at 110 °0 to constant weight. This required 24 to 
28 hours, and the difference in weight before and after 
drying represented the water content of the faecal sample. 
The percentage of water in the faeces was then calculated, 
and from the result obtained the total volume of water lost 
in the faeces passed over a 24 hour period was also calculated. 
Fluid was expressed from a portion of the remaining 
well mixed faeces, and pH, electrolyte, urea and net acid/ 
base determinations were made upon this fluid. pH was 
measured to 0.05 pH unit with an AML, Model 40 pH meter. 
Sodium and potassium concentrations were measured by flame 
photometry, using an EEL flame photometer as described in 
Part 1 of this section. Dilutions of faecal fluid for 
sodium and potassium determinations were 1:50 and 1:500 
respectively. Chloride concentration was measured using an 
EEL chloride meter, and 10 ml aliquots of a 1:50 dilution of 
faecal fluid. Inorganic phosphate was determined by the me- 
thod of Delsal and 1ianhouri, described by T;ootton29. It was 
found necessary to dilute the faecal fluid 1:50 before these 
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determinations were commenced. Ammonium, urea and "total 
nitrogen" concentrations were measured by Nessler's method, 
also described by Ijootton29. Net acid/base concentration 
was determined by the modification of J$rgensen's method95 
which has already been fully described in Part 2. 
From the knowledge of the concentrations in faecal 
fluid of electrolytes, urea and net acid/base the 
excretion/24 hour was calculated. The total mean 
daily civantities/kg body weight of sodium, potassium, 
chloride, ammonium, urea, "total nitrogen", inorganic 
Phosphate and net acid/base excreted in the urine and 
faecal fluids of each pony were also calculated. 
93. 
RESULTS 
Summaries of the quantities of faeces voided/24 
hours, the weight of faeces/kg body weight/24 hours, the 
water content and the faecal water lost/kg body weight/24 
hours, the pH and the cuantities of urea and selected 
electrolytes in faecal fluid are presented in Tables 36 
to 51. The results were subjected to analysis of variance 
in order to investigate whether differences between ponies 
were statistically significant. 
Complete lists of individual results are presented 
in Appendix No.3. The mean daily quantities/kg body 
weight of sodium, potassium, chloride, ammonium, urea, 
total nitrogen, inorganic phosphate and net acid/base 
excreted in the urine end faecal fluids of the ponies are 
listed in Table No. 52, 
TI.....21:149.ji 
WEIGHT OF FAECE3 PASSED IN 24 HOURS 
(kg) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 4.310 3.595 4.465 4.825 5.840 4.610 
S.D. 1.030 1.060 0.770 1.000 0.905 1.155 
n 6 6 b 6 6 30 
Range 2.730 2.210 3.225 3.250 4.830 2.210 
to to to to to to 
5.635 5.075 5.305 5.780 7.170 7.170 
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TABLE No.39 
VEIGHT OF FAECES PASSED/kg BODY WEIGHT/24 HOURS, 
(g) 
Pony Scruffy Jimmie Billie Ben PlacGowan All Ponies 
x 24.1 21.9 24.i.) 26.6 27.3 24.9 
S.D. 5.8 b.5 4.2 5.5 4.2 6.2 
n 6 6 6 5 6 30 
Range 15.3 to 13.5 to 17.8 to 17.9 to 22.6 to 13.5 to 
31.5 30.9 29.2 31.9 33.5 33.5 
Despite the ponies receiving identical diets (with 
the exception of Scruffy, who, in addition to his hay, 
received a small oats/bran supplement containing 20 g of 
sodium bicarbonate 55 ), the largest pony voided the greatest 
weight of faeces/24 hours and the smallest pony the smallest 
quantity of faeces/24 hours. This relationship still holds 
if the units are expressed as g/kg body weight/24 hours 
though the differences between ponies in faeces passed/kg 




A VATER CONTENT OF FAECES 
MacGowan All Ponies Jimmie Billie Ben 
R 80 76 80 75 79 79 
S.D. 1 3 2 3 1 3 
n 6 6 A 6 6 30 
Range 79 to 72 to 79 to 74 to 77 to 72 to 
82 78 83 81 80 83 
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TABLE No. 41 
Y \ 
WATER CONTENT OF FAECES PASSED IN 24 HOURS 
(mi) 
Pony cruffy Jimmie :Billie Ben MacGowan All Ponies 
R 3450 2740 3590 3770 4580 3620 
S.D. 850 880 600 740 720 930 
n 6 6 6 6 6 30 
Range 2180 1590 2610 2400 3770 1590 
to to to to to to 
4510 3910 4190 4440 5660 5660 
TABLE No.42 
WATER CONTENT OF FAECES/kg BODY WEIGHT/DAY 
(ml) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 19.3 16.7 19.8 20.8 21.4 19.5 
S.D. 4.8 5.4 3.3 4.1 3.4 5.0 
n 6 6 6 6 6 30 
Range 12.2 to 9.7 to 14.4 to 13.5 to 17.6 to 9.7 to 
25.2 23.8 23.1 24.5 26.4 26.4 
On the basis of volumes of faecal fluid/kg body 
weight/24 hours the volumes of faecal water lost did not 
differ significantly between ponies (p>0.05). 
TABLE No.4'i =a========a 
i:DH OF FAECAL FLUID 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
X 6.65 6.05 6.25 6.45 6.25 6.35 
S.D. 0.30 0.25 0.25 0.15 0.10 0.30 
n 6 6 6 6 6 30 
Range 6.25 to 5.85 to 5.95 to 6.25 to 6.15 to 5.85 to 
7.15 6.50 6.70 6.60 6.35 7.15 
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TABLE No. 44 
NET ACID /BASE CONTENT Or FAECAL FLUID 
(mEq /24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 28 -3 -35 14 9 3 
L;. D. 36 88 38 32 31 51 
n 6 6 6 6 6 30 
Range -31 to -75 to -96 to -33 to -29 to -96 to 
66 170 2 46 64 170 
Net acid expressed as -ive 
Net base expressed as +ive 
No significant differences between ponies in faecal 
fluid pH was observed (p >0.O5), but significant differences 
between ponies in the net acid /base content of the faecal 
fluid occurred (p<0.05). 
TABLE No.45 
SODIUM CONTENT OF FAECAL FLUID 
00 4/24 hours ) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
22 44 66 50 72 51 
S.D. 11 21 36 35 47 35 
n 6 6 o 6 6 30 
Range 10 to 18 to 32 to 23 to 39 to 10 to 
41 82 118 114 139 139 
Differences between ponies in daily sodium loss in 
faecal fluids were significant (p<0.05). 
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TABLE No.46 
POTASSIUM CONTENT OF FAECAL FLUID 
(mq/24 hours) 
Pony Scruffy Jimmie Lillie Len MacGowan All Ponies 
R 263 174 264 290 358 269 
S.D. 102 78 88 86 81 101 
n 6 6 6 6 6 30 
Range 158 to 87 to 178 to 177 to 236 to 87 to 
400 '283 398 444 489 489 
Highly significant differences in daily potassium 
loss in faecal fluids were observed between ponies (p<0.01). 
TABLE No.47 
CHLORIDE CONTENT OF FAECAL FLUID 
Pony Scruffy 
(mEq/24 hours) 
Jimmie Billie Ben MacGowan All Ponies 
7c 20 11 15 37 21 21 
S.D. 15 11 6 65 13 30 
n 6 6 6 6 6 30 
Range 10 to 0 to 8 to 4 to 8 to 0 to 
39 33 23 169 45 169 
Significant differences in the chloride content of 
the faecal fluids of these ponies were evident (p<0.05). 
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TABLE 1Io . 48 
=PMOPTUR CONTENT OF FS FC:L FLUID . 
(mFq/24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
x 30 43 65 46 49 47 
Ú.D. 30 31 14 36 29 29 
n 6 6 e 6 6 30 
Range 4 to 5 to 39 to 9 to 26 to 4 to 
76 97 81 102 100 102 
Differences between ponies in the ammonium content of 
faecal fluid were highly significant (p<0.01). 
TAt ALE Ido. 49 
UREA CONTENT OF FAECAL FLUID 
(g/24 hours) 
Pony Scruffy Jimmie Billie Ben ?McGowan All Ponies 
R 1.5 2.2 2.1 1.7 4.4 2.4 
O.D. 2.1 1.9 1.5 2.? 5.4 2.9 
n 6 6 6 6 6 30 
Range 0.3 to 0.4 to 0.7 to 0.1 to 0.1 to 0.1 to 
5.7 5.2 4.5 6.1 14.7 14.7 
TABLE No.50 
TOTAL NITROGEN CONTENT OF FAECAL FLUID 
ß(g /24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan All Ponies 
R 1.1 1.6 1.9 1.4 2.6 1.7 
S.D. 1.3 1.3 0.8 1.3 2.9 1.b 
n 6 6 6 6 6 30 
Range 0.3 to 0.3 to 0.9 to 0.2 to 0.4 to 0.3 to 
3.7 3.7 3.2 3.b 7.8 7.8 
The nitrogen content of urea and ammonium 
only. 
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Differences between ponies in the urea and "total 
nitrogen" contents of faecal fluid were significant (p<M5). 
TABLE No. 5]. 
INORGANIC PHOSPHATE CONTENT OF FAE AL FLUID 
(mgP/24 hours) 
Pony Scruffy Jimmie Billie Ben MacGOwan All Ponies 
Sn'c 3464 2352 5129 3039 4861 
. 
3731 
S.D. 1491 1697 1609 1254 2412 1912 
n 6 6 6 e o 5 29 
Range 1383 939 3346 1260 1373 939 
to to to to to to 
4978 5558 7714 5061 7721 7721 
Differences between ponies in the inorganic phosphate 
content of the faecal fluids were highly significant 
(p<0.01) and the differences were not solely due to weight 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































With the exclusion of Scruffy, mean daily sodium 
loss/kg body weight was almost identical. Mean daily 
potassium losses/kg body weight were reasonably similar 
in all ponies, es were chloride losses. Marked 
differences between ponies (p<0.05) occurred in mean 
daily inorganic phosphate loss/kg body weight. Significant 
differences (p<0.05) between ponies were also observed 
in the mean daily excretion/kg body weight of ammonium, 
urea, "total nitrogen" and net base. 
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DISCUSSION 
The quantity of faeces collected over 24 hours 
represented the quantity excreted rather than the quantity 
formed, and depended upon the times and the frequency of 
defaecation. 
Tasker's 66 horses, whose weights were circa 2 to 3 
times greater than the weights of these Ponies, passed 
approximately 4 tires the quantity of faeces produced by 
the Shetland and Shetland-cross ponies. The mean Der- 
centage water content of the faeces produced by the horses 
was 74%, compared with a 79% mean faecal water content of 
the ponies. The water content of the hay fed to the ponies 
amounted to 12%, so that far more water was lost in the 
faeces than was ingested in the hay alone. Tasker's86 
horses excreted a greater quantity of dry faecal material/kg 
body weight/day than did the ponies. They also ingested a 
slightly greater quantity of dry matter/kg body weight/day, 
The mean daily faecal water loss ,ras only approximately 
half a litre less than the mean daily urine volume voided, 
(see Section 140.1, Part 2) and two of the ponies exhibited 
an individual mean daily faecal water loss greater than 
the mean daily urine volume voided. Since equine urine 
contains solid material the volume of urine is greater than 
the volume of urinary water, and so it was concluded that 
in all these ponies the daily volume of water lost in faeces 
was very similar to that lost in urine. 
The ponies differed substantially from Taskee's86 
horses, who lost approximately three times more water in 
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faeces than in urine. The reasons for this are not 
evident, but diet was excluded as a mejor cause of the 
difference. The horses and ponies received a very similar 
quantity of hay on a body weight basis. The water content 
of the hay fed to the horses was 11% and that fed to the 
ponies 12,4, and so small a difference would not account 
for the substantial discrepancy observed between the 
horses and the ponies in the faecal water loss. However, 
the mean water loss/kg body weight in the urine and 
faeces of Tasker's horses 86 is similar to that of the 
Shetland ponies i.e. 42.9 ml/kg body weight/24 hours and 
41.8 ml/kg body weight/24 hours respectively. (losses via 
the skin and lungs were not investigated.) Thus it is 
evident that the differences in eater loss between these 
two groups of equines lies in the route of loss and not in 
the quantities lost. The reason for this difference is not 
clear. 
No reference to the pH of equine faecal fluid was 
discovered, although Alexander23 noted that the mean pH 
of the liquor in the small colons of eight newly slaugh- 
tered horses was 6.50, which resembles that of the faecal 
fluids of the five ponies studied. Though the pH of all 
the samples of faecal fluid from these ponies was acid 
(i.e. below pH 7.400), measurements of the net acid/base 
content revealed that net base excretion sometimes 
occurred despite the acid pH of the fluid. It was thus 
concluded that the presence of substances other than 
hydrogen ions exerted a strong influence upon the pH of 
103 
the faecal fluid °9. Because the mean net acid /base 
content of the faecal fluid samples examined was small, 
compared with that of urine, it was concluded that in 
these ponies in the untreated state, a reasonably accurate 
indication of net acid -base excretion could be gained from 
urine analysis only. The fistulated pony was excluded 
from this conclusion because the quantity of acid or base 
lost in saliva from the fistulated parotid duct was not 
determined. 
The fistulated pony (Scruffy) excreted less sodium 
in both urine and faecal fluid than. the others, probably 
due to sodium lost in saliva 5. Because all the ponies 
except the fistulated pony excreted similar quantities of 
sodium /kg body weight /24 hours in urine and faecal fluid 
it was concluded that daily sodium excretion was related 
to body weight when the animals received identical diets. 
The overall meran sodium loss /24 hours in faecal fluid 
is equivalent to 16% of the calculated intake. In this 
respect these ponies again differ from Tasker's86 horses, 
whose daily faecal sodium loss represented 35.3% of the 
intake. Urinary and faecal sodium losses in Tasker's86 
horses together accounted for 37.4''6 of the daily ingested 
sodium. Hence the general pattern of sodium excretion and 
water excretion by Tasker's horses differed markedly to 
that observed in the ponies. In the former group of animals 
faecal sodium loss. was many times greater than urinary 
sodium loss. In the latter group of equines, the mean 
urinary sodium loss amounted to more than twice the loss in 
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faecal fluid. The combined daily urinary and faecal sodium 
losses of the ponies amounted to 53. Thus 47% of the 
calculated daily sodium intake of these ponies could not 




was unable to account for 62.6% 
of the sodium ingested by his horses he observed no evidence 
of sodium retention. He thus concluded that this sodium 
was lost in "insensible sweat". it is difficult to accept 
that nearly half the sodium ingested by the Shetland and 
Shetland-cross ponies could be excreted in sweat. Though 
cutaneous water vapour loss no doubt occurred, insensible 
sweatingl 
05 
is the loss of water vapour alone. Sensible 
sweating, which involves the excretion of water, electro- 
lytes and metabolites 
105 
0 was not observed in these ponies 
during the course of this work. 
The mean sodium concentration in the faecal fluids of 
the ponies was markedly lower than the mean sodium concen- 
tration in the liquor of the small colon of newly slaughtered 
horses examined by Alexander 
23 
It was concluded that 
there may have been a substantial difference between these 
ponies and the horses before the latter's death, or 
sodium might pass into the lumen of the small colon post 
mortem, or that sodium could be absorbed at a site in the 
gut distal to the mid small colon. The ponies were 
similar to Tasker's 
86 
horses in so far as they excreted a 
greater quantity of potassium in urine than in faeces, but 
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the percentage of the daily potassium intake lost in the 
faecal fluids of the ponies was 13, whereas 25% of the 
potassium ingested by Tasker's86 horses was found to be 
excreted in their faeces. Thus Tasker 
86 
able to 
account for 80,() of the potassium his 1-,orses ingested in 
terms of urinary and faecal losses. He postulated that 
the remainder must be lost in sweat. 
A mean total of 65 of the calculated potassium intake 
of the ponies was present in their urine and faecal fluids. 
The 35-) unaccounted for amounts to 686 mEq of potassium/24 
hours. For reasons already stated it is difficult to accept 
that this quantity of potassium was excreted in sweat 
86 
. 
Soliman and Nadim82 found that the potassium content of the 
sweat of heavily exercised stallions was 47.8 mEq/1. 
Assuming that the sweat produced by these ponies would have 
an identical potassium concentration, this would necessitate 
their losing 14.3 litres of water/24 hours via the sweat 
glands, and sensible sweating was never observed. 
Nicholson 
89 estimated that only of the potassium 
ingested by his ponies was lost by routes other than via 
the kidneys. However, it is suspected that he underesti- 
mated daily potassium ingestion. 
It was noted that the mean potassium concentration in 
the liquor of the small colon of the horses subjected to 
post-mortem examination by Alexander23 did not differ 
greatly from the mean faecal fluid potassium concentration 
of these ponies. 
Faecal chloride losses amount to a small proportion of 
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total daily chloride loss. Only 3% of the calculated 
quantity of chloride ingested/24 hours was recovered in 
faecal fluid, compared with 759 in urine. Of the calcu- 
lated daily chloride intake of these ponies 22t>, or 180 malt 
could not be accounted for. Although losses in saliva 
would have occurred from the fistulated pony, this does not 
explain the discrepancy also observed in the other four 
animals. The mean concentration of chloride in the faecal 
fluids of the ponies was similar to that discovered in the 
liquor of the small colons of freshly slaughtered horses 
23 
but no reference to the actual faecal fluid chloride con- 
tent of horses was discovered. It was concluded that 
daily urinary and faecal potassium and chloride losses 
were related to the body weight of these ponies. 
It was likely that much of the ammonium in faecal 
fluid arose from the in vivo and in vitro hydrolysis of 
urea. Davi 
es104 discovered urea-splitting bacteria in 
both the ventral and dorsal colon of a fistulated pony. 
Alexander 101 postulated that endogenous urea might pass 
from the gut wall into the gut lumen. As has already been 
stated, urea diffuses throughout the cellular and extra- 
cellular water of the body 
29 
. It is obvious, from the urea 
content of urine and faecal fluids, that the major route of 
urea excretion is renal. However, in view of the free 
diffusion of urea throughout the body it appears likely 
that the gastro-intestinal water forms another fluid 
"compartment" into which urea is able to diffuse, despite 
the fact that the contents of the gut are outwith the body 
itself. 
Urea has been discovered throughout the gastro- 
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intestinal tract from the stomach to the large colon103, 
and the concentrations in the colon were found to be the 
highest throughout the gut101 104. Thus there would be 
no lack of substrate, upon which the aforementioned 
bacteria could act. Furthermore, it is possible that the 
urea excreted in faecal fluid could be hydrolysed in vitro 
by bacterial action, consequently giving rise to more 
ammonium. 
The interpretation of the observations of the 
excretion of the nitrogenous compounds is difficult owing 
to their interrelationship. The ponies varied with respect 
to daily ammonium excretion /kg body weight but since 
ammonium can be produced both in vivo, and in vitro53 98 
104 105 106 the results obtained are not likely to be a 
very accurate reflection of ammonium excretion. If any 
ammonium is produced from urea in vivo then the quantities 
of urea initially present diminishes correspondingly, and 
this could be another factor which influenced the variations 
in urea excretion /kg body weight /24 hours. 
The discovery of very large quantities of inorganic 
phosphate in faecal fluid is consistent with the discovery 
by Alexander23 of high inorganic phosphate concentrations 
in the colon liquor of freshly slaughtered horses. Exactly 
why these large quantities of phosphate are secreted into 
the colon does not appear to have been established, though 
Alexander99 100 suggested that the function was principally 
that of buffering the volatile fatty acids produced. 
Though the urinary inorganic phosphate content of one 
ioa 
pony (Ben) was much greater than that of the others (see 
Part 2 of this section), the same was not true of his 
faecal fluid inorganic phosphate. In all ponies faecal 
inorganic phosphate excretion was far greater than renal 
excretion. No direct relationships between faecal fluid 
pH and the inorganic phosphate content, and the net acid/ 
base and inorganic phosphate contents of faecal fluids 
were evident, though the concentrations of other buffers in 
the gut might also influence inorganic phosphate concentration. 
The very large variations in the mean daily inorganic 
phosphate excretion/kg body weight are difficult to under- 
stand, and without further investigation it is impossible 
to determine the reasons for this finding. Although in- 
organic phosphate is present in saliva55 and hence would be 
lost via this route from the fistulated pony, the lowest 
mean daily loss/kg body weight occurred from a non-fistulated 
pony. Different rates of inorganic phosphate turnover would 
not be expected to influence these results provided no 
imbalance occurred. However, since only the inorganic form 
of phosphorus was investigated it might be that reciprocal 
variations in organic phosphorus excretion render mean daily 
total phosphorus excretion/kg body weight identical in all 
ponies. 
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SUMMARY OF SECTION No.1 
Measurements of the packed cell volume percentages, 
blood pH and pCO2 serum bicarbonate concentrations, and 
the concentrations in plasma of sodium, potassium, chloride, 
inorganic phosphate and urea were made upon venous blood 
from five Shetland and Shetland-cross ponies. The specific 
gravity of blood and plasma was measured. Ranges of normal 
values for these parameters in these ponies were established, 
and considerable variations were observed both within and 
between individual ponies. 
The results obtained were compared with data 
published by others. Similarities were noted in the packed 
cell volume percentages of the five ponies investigated 
and those of other Shetland-type animals and draught horses. 
The plasma sodium concentrations of the ponies investi- 
gated appeared to be lower than those of most other equine 
animals, and the possibility of this being a genetic trait 
in Shetland ponies is discussed. 
The volumes of urine produced by the ponies over a 
24 hour period were measured, and large day to day 
variations were observed. The urine voided/kg body weight 
was high compared with that from other horses and ponies. 
The mean urine specific gravity value was lower, and the 
mean urine pH higher, than published data. 
The urinary excretion of sodium, potassium,chloride, 
inorganic phosphate, selected nitrogenous compounds and 
net acid/base were investigated. It was demonstrated that 
the composition of a single urine sample in no way indicated 
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the composition of the pooled volume voided over a 24 
hour period. 
Faeces were collected over 24 hour periods and the 
weight and water content were measured. It was discovered 
that the mean faecal water losses/24 hours were similar in 
volume to the mean urine volume voided/24 hours. Mean pI 
values of faecal fluids were acid in contrast to the marked 
alkalinity of urine. The quantities of sodium, potassium, 
chloride, ammonium, urea and net acid/base lost in faecal 
fluid were less than the respective quantities of these 
substances lost in urine. The inorganic phosphate lost in 
faecal fluid was much greater than that in urine, though 
the proportion of faecal fluid inorganic phosphate which 
represented that not absorbed was unknown. 
The estimated intake of sodium, potassium and chloride 
by the ponies was compared with the output in urine and 
faecal fluid. It was found that of the sodium ingested 
37% was excreted in urine and 16% in faecal fluid, leaving 
47% unaccounted for. Potassium excretion amounted to 65% 
of that ingested, of which 52% was lost via urine, and 13% 
in faecal fluid. Of the estimated chloride ingested 78% 
was recovered, of which 75% appeared in urine, and 3% in 
faecal fluid. 
The wide variations in the parameters investigated in 
the blood,urine and faecal fluids of these ponies illustrated 
the strong possibility of an erroneous judgement arising if 
an attempt to assess normality or abnormality was made on 
the basis of a single observation. 
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SECTION No.2 
THE EFFECT OF FEEDING UPON THE PACKED CELL 
VOLUME PERCENTAGE AND THE CONCENTRATIONS 
IN PLASMA OF UREA AND SELECTED ELECTROLYTES. 
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INTRODUCTION 
Ranges of the concentrations of selected parameters 
in blood collected from five Shetland and Shetland cross 
nonies have been described (see Section No.1 Part 1 and 
Appendix No.1). The results obtained showed wide ranges 
of values both between and within the untreated individual 
ponies. Thus, before proceeding further with experimental 
work it was considered necessary to study the effect of 
feeding upon the blood parameters which were to be investi- 
gated in later work in order that any changes observed 
ere not erroneously attributed to experimental treatments. 
The blood samples analysed in the course of the work 
described in Section No.1 were collected at various times 
during the day, both before and after feeding, and it 
seemed possible that feeding could affect the packed cell 
volume percentage, and the concentrations in plasma of 
various electrolytes and urea. Urine collections were 
made oh a 24 hour basis, so variations over shorter time 
period were immaterial. 
No reference to the possibility of feeding causing 
rapid fluctuations in blood constituents was discovered, 
though some publications had a limited bearing upon the 
Problem. Tasker 
88 investigated the effect of thirsting 
and fasting, but his observations were made daily, rather 
than hourly, and his work did not include measuring the 
effects of administering food. 
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A rather more comprehensive study of changes in 
selected blood constituents in fasted ponies was made by 
Baetz and Pearson 
107 
, and although blood samples were 
collected twice daily, this study, like Tasker's 
88 
involved starvation over several days, following which the 
ponies were observed when feeding recommenced. Baetz and 
Pearson 107 noted decreases in the concentrations of blood 
urea nitrogen and serum phosphorus during fasting, but no 
significant changes in serum chloride levels were observed. 
These workers postulated that the fall in blood urea 
nitrogen could be caused by renal loss or loss through 
saliva, and the decrease in serum phosphorus concentration 
was believed to be most likely due to renal loss and lack 
of intestinal absorption. Though the work of Baetz and 
Pearson 107 was relevant to the observations made upon the 
five Shetland and. Shetland-cross ponies during the eight 
hours before feeding, their investigation and the experiment 
about to be described were not otherwise considered to be 
closely related. Ponies fed once every 24 hours will 
almost certainly still be digesting the previous feed(s) 
when the next daily ration is presented, whereas digestion 
in horses which have been deprived of food for nine days 
will have virtually ceased. It was anticipated, therefore, 
that any differences observed in a Parameter before and 
after feeding would be smaller in magnitude than those 
noted by Baetz and Pearson 
107 
. 
Though it is not difficult to monitor changes in 
peripheral blood, the inaccessibility of most regions of 
the digestive tract renders monitoring concurrent changes 
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in the fluid and electrolyte contents therein impossible 
in the absence of fistulae, and it can be argued that a 
fistulated pony is not clinically normal. Alexander's23 
study of the electrolyte content of equine digestive tract 
fluids was confined to the analyses of specimens from newly 
slaughtered animals, and so the possibility of rapid post- 
mortem changes affecting the composition of the gut fluids 
cannot be completely disregarded. No reference to the 
examination of concurrent changes in the composition of 
blood and digestive tract fluids in equines was discovered. 
Alexander has measured the volume and electrolyte and urea 
content of salive produced by the parotid salivary gland 
over a twenty-four hour period55. Furthermore, he observed 
that saliva flowed only during mastication, and the faster 
the flow of saliva the higher were the concentrations of 
sodium, potassium, chloride and bicarbonate therein, though 
urea concentration was apparently insignificantly affected 
by flow rate. 
Alexander and Benzie108 showed that a barium meal 
passed through the stomach of a weaned foal very quickly, 
and reached the ileum within 30 minutes of ingestion, and 
in another publication Plexanderl09 was able to demonstrate, 
using a fistulated pony maintained on a diet of hay, that 
the food could reach the large intestine within three hours 
of ingestion. This suggests that ingesta sometimes, but 
not invariably, traverses the small intestine quite rapidly. 
Unfortunately, concurrent changes in the electrolyte and 
urea content of peripheral plasma were beyond the scope of 
115 
his investigation. 
It was discovered102 192 that equine pancreatic 
secretion, unlike equine saliva secretion, may arise 
spontaneously, though vagus stimulation markedly increases 
pancreatic secretion. Alexander's 103 109 discoveries 
suggest that pancreatic secretion is likely to be maximal 
after a minimum of two hours beyond the commencement of 
the pony eating. 
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METHODS 
The five ponies studied were those described in 
Section No.1. Their general management was also described 
in Section No.l. 
Owing to the length of time the ponies were studied 
both before and after feeding, it was necessary to divide 
the work performed into two separate halves. 
Throughout both halves of the experiments the ponies 
were housed in small looseboxes, the floors of which were 
devoid of covering in order that no bedding material could 
be eaten. The ponies had free access to drinking water et 
all times. The usual feeding time was 16.00 hours, so 
that for the first part of the experiment no readjustment 
period was necessary. Beginning at approximately 09.00 
hours, hourly blood samples were collected by jugular 
venepuncture as described in Section No.1, Part 1. The 
ponies were offered food immediately after the eighth 
and last blood sample had been taken. 
For the second part of the study it was considered 
necessary to allow the ponies to adjust to being fed at 
approximately 09.00 hours. Feeding time was therefore 
changed accordingly for five days before the day upon which 
the pony was studied. On the day of the study blood 
samples were collected hourly for eight hours, beginning 
one hour after the daily ration of hay was presented to the 
pony. 
4 kg hay (the usual daily allowance) was carefully 
weighed and then offered to the pony. The hay net was 
1 
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secured sufficiently far away from the source of drinking 
water to ensure that no hay fell therein. As soon as an 
hourly blood sample had been obtained the net containing 
the hay was weighed and the weight of hay consumed per hour 
was calculated. Any hay on the loosebox floor was replaced 
in the net before the latter was veighed. Thus, after eight 
hours the total weight of hay consumed was known, and the 
pattern of consumption was also established. The fistulated 
pony received the oats/bran supplement55 after the last 
blood sample had been collected. 
Packed cell volume percentages and the concentrations 
in plasma of sodium, potassium, chloride, inorganic phos- 
phate and urea were determined in each blood sample 




Each of the five ponies was used as his own control. 
Individual results are tabulated in Appendix No.4. The 
quantities of hay consumed are also listed in Appendix No,4. 
The combined results (R SD) are presented in Table No.53. 
The results of the analyses of blood samples collected 
after feeding were compared with those obtained from the 
blood samples collected before feeding. For each parameter 
measured in the individual pony the "after-feeding" results 
were divided into those obtained over the period extending 
from 1 to 4 hours after food was offered, and those 
obtained over the period extending from 5 to 8 hours after 
the presentation of food. For each set the mean SD was 
calculated, and compared with the mean 4. SD of the "before 
feeding" results, using Student's "t" test, to determine 
whether the parameters measured differed significantly 
before and after feeding. 
The statistical significance of the variations dis- 
covered is presented in Table No.54. Differences between 
ponies in the quantity of hay consumed were observed, 
though all ponies ate more hay/hour during the first half 
of the eight hour period than during the second half. No 
pony consumed all the hay offered. 
Three ponies exhibited increased packed cell volume 
percentages after feeding commenced. The plasma urea 
concentrations of four ponies increased very markedly 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































THE STATISTICAL SIGNIFICANCE OF THE RESULTS OBTAINED YROM 
THE MEASUREMENT OF THE PACKED CELL VOLUME PERCENTAGE AND 
THE CONCENTRATIONS IN PLASMA OF UREA SODIUM POTASSIUM, 
CHLORIDE AND INORGANIC PHOSPHATE BEFORE AND DURING FEEDING 
Parameter 
Packed Oell (1) 
Volume % (2) 
Plasma Urea (i) 
Concentration (2) 























































4, ip<0 . 0 5 - NS NS 
il pr<0 . 05 NS NS 
4, p<0 , 05 NS NS 
4/ p<0.05 4, p<0.05 NS 
Key to the symbols used in Table No.54. 
(1)=Results obtained from blood samples collected from 
1 to 4 hours after food was presented. 
(2)=Results obtained from blood samples collected from 
5 to 8 hours after food was presented 
NS.- o statistically significant difference (p>0.05) 
Significant increase 
Significant decrease 
Highly significant Increase 
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occurred only during the second half of the feeding period. 
The plasma sodium concentration of one pony increased 
during feeding and his plasma chloride concentration 
decreased concurrently. No changes in the plasma 
potassium concentration of any pony was noted. Decreases 
in plasma inorganic phosphate concentrations of three 
ponies occurred during feeding but in two of these three 
ponies the decrease was confined to the second half of 
the feeding period. 
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DISCUSSION 
Though it was believed that the ponies had adapted 
to the change of feeding time by the end of the period of 
readjustment they were afforded, their behaviour through- 
out the eight hour feeding period was somewhat unexpected. 
They all showed a similar pattern of ingesting more bay in 
the earlier stages of the second half of the experiment 
than in the later stages. This was anticipated from 
previous observations, but their failure to consume the 
full 4 kg over the eight hours during which they were 
observed was surprising. It had been noted that the daily 
hay ration was usually totally consumed within 6 to 7 hours 
of feeding commencing, and only one pony (Scruffy) 
occasionally took longer. 
Although too short a readjustment period might have 
been a contributory cause of the slow consumption of hay, 
it was believed that the major reasons were the distractions 
of regular blood sampling and temporary removal of the hay 
for weighing, and the almost constant presence of 
attendants. Normally the ponies were left unattended 1-ith 
their food. 
Because many variable factors could not be eliminated 
careful interpretation of the results is necessary. It was 
impossible to force feed the hay to the ponies, and so 
variations in the quantities of hay consumed were unavoidable. 
The ponies' weights differed, and the hay consumed over the 
eight hour period ranged from 14.0 to 16.5 g/kg body weight. 
Since the ponies' plasma volumes were not identical (see 
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Section No. 3) either in terms of absolute volume or ml/kg 
body weight, some lack of uniformity in the magnitude of 
plasma electrolyte and urea concentration changes would 
be expected for this reason too. Hence, each pony was 
used as his own control. 
The amount of material from the previous day's food 
still being digested in the distal regions of the gastro- 
intestinal tract was unknown, and this most likely intro- 
duced another variable factor. The ponies were allowed 
free access to drinking water because it was considered 
that withholding water would introduced an artifact. The 
usual pattern of drinking was observed to be small volumes 
of water imbibed fairly frequently, and it appeared probable 
that the ponies simply maintained a fairly constant state 
of hydration. 
An initial increase in the packed cell volume per- 
centage at the commencement of feeding was expected, due 
to the excitement caused by the presentation of hay60 61, 
but the increase was maintained throughout the duration of 
the time the ponies were observed. In two of the five 
ponies the increase was insignificantly small, in another 
two it was statistically significant (p<0.05) and in the 
fifth pony it was highly significant (p <0.01). However, 
changes in packed cell volume percentage may arise either 
because of changes in the cellular or non -cellular compo- 
nents of blood8 12 
18 60 61. It seems likely that increases 
in the fluid content of the digestive tract would occur 
owing to the flow of digestive ,juices in response to 
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ingestion of food. Consequently a degree of haemoconcen,- 
tration could result, as well as an increase in circulating 
erythrocytes caused by excitement. However, without 
directly measuring both plasma and erythrocyte volumes, 
the changes responsible for the increased packed cell 
volume percentages can only be surmised. 
Christopherson and Webster 110 using T-1824 dye, 
were able to show that in sheep the plasma volume decreased 
sharply when feeding began, and slowly returned to the pre- 
feeding level after food was removed. The haematocrit 
value rose, and the authors believed this was due to an 
increase in the numbers of circulating erythrocytes, as 
well as a decrease in plasma volume. Christopherson and 
Webster 110 , were unable to obtain accurate measurements of 
ECFV because thiocyanate entered the sheeps' saliva, and 
total body water was not measured, but they proposed that 
the decrease in plasma volume underestimated the flow of 
fluid into the gut. They suggested that the plasma 
deficits were minimised by restoration of the loss with 
intracellular water. 
Christopherson and Webster quoted Bailey' 
sill, 
and 
Stacey and 1\arner's 112 discovery that a copious volume of 
fluid enters the digestive tract during digestion, but in 
the case of sheep, it was believed that the greatest influx 
was via the saliva, and the rumen wall 
113 
. 
All five ponies exhibited increases in plasma urea 
concentration after feeding, though in one pony the in- 
creases were too small to be statistically significant. 
The sudden onset of this increase is difficult to understand. 
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Even if, as postulated earlier, some degree of plasma 
concentration occurred when eating commenced and digestion 
continued, the magnitude of some of the increases strongly 
suggests that far more than a decrease in plasma volume 
was involved, since no other constituent measured showed 
such a pronounced change. Alexander and Daviesl°3 found 
urea present throughout the gastro-intestinal tract, and 
Presumably some of this would be available for absorption, 
though it is probable that if absorption does occur, it 
would be a fairly continuous process. Houpt and Houpt 114 
suggested that both endogenous and exogenous urea could 
be utilised by ponies fed on a low protein diet. 
However, the rapidity with which increase in plasma 
urea concentration occurred after feeding commenced is not 
satisfactorily explained by any of these observations. It 
appears from the results obtained in the course of this 
investigation that urea formation in the liver from pro- 
ducts of protein digestion and the subsequent circulation 
of the urea is the most likely major cause of the observed 
'Plasma urea levels. It has been demonstrated that the 
enzyme content of pancreatic fluid was low, 
102 192 even 
in the pancreatic juice secreted during feeding, though 
no specific mention was made of whether this applied to 
proteolytic enzymes as well as amylase. Nevertheless, 
the discovery does not exclude the likelihood of enzymes 
from the ileum acting. 
Though there was a trend towards a slight increase 
in plasma sodium concentrations after feeding, the increase 
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was statistically significant in only one pony. Because 
this increase was observed so quickly after eating 
commenced, it was unlikely to have been caused by the 
absorption of sodium from the hay. Two other possibilities 
exist. Sodium could be absorbed from the remains of 
earlier feeds, and peak absorption could have coincided 
with the ingestion of a subsequent feed. Alexander2 
demonstrated a sodium conservation mechanism in the equine 
gut. He 23 showed that the sodium concentration in the 
liquid of the small colon was lower than in saliva55, 
pancreatic juice 102 192 and in the other regions of the 
gut he examined. Furthermore, it was shown in Section No.1 
of this thesis that the mean sodium loss in faeces from 
these ponies was only 51 (+ 35 S.D) mEq/24 hours. Thus it 
appears that sodium secreted into the more proximal regions 
of the gut is absorbed in the small colon, This would 
likely be a fairly continuous process, but maybe it would 
be increased if large quantities of ingesta were present 
in the distal regions of the gut. Tasker 
86 
, also proposed 
that a strict sodium economy must act in horses, though he 
offered less evidence than Alexander 
23 
. 
The second possibility is that the decrease in plasma 
volume which has been postulated could cause a concurrent 
increase in the plasma sodium levels if sodium is not lost 
in isotonic quantities. A plasma water deficit is likely 
to be minimised by changes in other body fluid "compart- 
ments115, but a time lag might arise before the deficit 
is completely eliminated, especially if the digestive tract 
is still drawing large volumes of fluid. 
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Despite the high potassium content of hay 97 no 
statistically significant changes in plasma potassium 
concentrations occurred after feeding. However renal 
potassium excretion is also high (see Section No.1). 
This suggests that absorption of potassium is closely 
paralleledwith renal excretion. Where slight increases 
were observed after feeding began, it is possible that 
either absorption of potassium (maybe from a previous feed) 
temporarily exceeded excretion, or water loss from plasma 
was responsible, or both. 
Since serum bicarbonate concentrations were not 
monitored during this investigation the presence or 
absence of an alkaline tide was not established. No 
reference to this phenomenon in equines was discovered, 
though an increase in free plasma bicarbonate during eating 
has been reported in sheep110. 
Alexander 55 , established that the mean concentration 
of chloride in saliva was approximately half that in plasma, 
which in view of the volume of saliva produced 5 , repre- 
sents a large quantity of this element. Furthermore, 
Comline et al., 
192 demonstrated a very high chloride concen- 
tration in equine pancreatic secretion. Nevertheless 
there were no distinct trends in plasma chloride changes 
before and after feeding. Only in one pony did statis- 
tically significant falls (p<0.05) occur after feeding. 
Alexander23 found a mean chloride concentration of 
only 6 mEq/1 in fluid of the small colon. The mean total 
24 hour faecal chloride loss from these ponies was also 
128 
low, i.e. 21 mal (+ 30 mai S.D.) (See Section No.1). It 
was thus concluded that chloride conservation as well as 
sodium conservation occurs in equines, and secretion, re- 
absorption and renal excretion closely regulate the plasma 
concentrations of chloride. 
In all. the ponies the plasma inorganic phosphate 
levels were higher before feeding than afterwards. The 
observation was contrary to that of Baetz and Pearsonl07, 
though the discrepancy may have arisen due to the longer 
period of starvation of Baetz and Pearson's animals. 
Otherwise this observation is difficult to explain. The 
inorganic phosphate content of plasma is low compared with 
sodium and chloride, but Alexander-' discovered that in- 
organic phosphate concentrations were higher in the dorsal 
and small colon. Thus the maintenance of these high levels 
by the movement of inorganic phosphate into the lumen of 
the digestive tract might have made heavy demands upon 
the body resources which were reflected by decreases in the 
plasma levels. 
It has been shown that a barium meal can reach the 
dorsal colon of a weaned foal within eight hours of admini- 
stration103. However, the decreases in the plasma in- 
organic phosphate concentrations of these ponies began 
within 1 to 2 hours of feeding commencing. Furthermore, it 
is probable that not only could speed of the progression of 
digesta along the digestive tract of a weaned foal differ 
to that in the adult pony, but also that the consistency of 
the food ingested could affect the rate of movement too. 
129 
100 
Though Alexander showed that hay could reach the large 
intestine of a pony within three hours of ingestion 
digesta still has to traverse the proximal regions of the 
colon before reaching the dorsal colon. If phosphate 
secretion into the lumen of the colon is responsible for 
the decreases which were observed in plasma inorganic 
phosphate concentrations, and if this secretion.is 
stimulated by the presence of digesta in this region of the 
gut, it may be that digesta from previous feeds caused the 
decreases observed. Alternatively, phosphate secretion 
into the more -proximal regions of the gut may have caused 
the decreases in the concentrations of plasma inorganic 
phosphate which were observed so quickly after feeding 
commenced. 
Because of the fluctuations observed in the blood 
constituents examined it was considered essential that in 
subsequent work considerable care should be exercised to 
standardise the times of blood sample collections in 
relation to feeding. 
130 
- SUMMARY OF SECTION No.2 
The influence of the short-term effect aÍ feeding 
upon selected blood constituents was examined. All five 
ponies exhibited increased venous packed cell volume 
percentages during feeding. Four of the five ponies 
exhibited highly significant increases in plasma urea 
concentration after feeding began. Only one pony showed 
a significant increase in plasma sodium concentrations 
after feeding commenced, and this pony's plasma chloride 
level decreased concurrently. Plasma potassium pancen- 
trations were apparently unaffected. Three ponies showed 
decreased plasma inorganic phosphate levels during feeding. 
It was concluded that standardisation of blood 
sampling time with respect to feeding time was essential 
when the effect upon the aforementioned blood constituents 
(other than potassium) of any experimental treatment was 
to be studied. 
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SECTION 
THE PLASMA AND "THIOCYANATE SPACE" VOLUMES OF 
THE UNTREATED PONIES. THE EFFECT OF THE ORAL 
ADMINISTRATION OF 7.5 LITRES OF WATER UPON 




References to the evolution and application of 
various methods used to measure body fluid volumes, and 
to their advantages and disadvantages, are too numerous 
to mention individually. Only those with a direct 
bearing upon the work performed with the ponies will be 
described and discussed. Most measurements of body fluid 
compartments have been carried out on small animals and 
man, but a few workers have applied some of the available 
methods to the measurement of body fluid volumes in equine 
animals, and special mention will be made of their work. 
Modern methods of determining the volumes of the 
body fluid compartments are based on the dilution principle. 
By determining the dilution factor, the volume of diluent 
can thus be calculated. In their paper describing the 
estimation of the state of hydration of the body by 
measuring the amount of water available for the solution of 
sodium thiocyanate, Crandall and Anderson 
116 listed the six 
major requirements of substances used to measure the volume 
of a body fluid compartment by the dilution technique. 
These requirements are:- 
1) That it should be non-toxic in the dose and administration 
route involved. 
2) That it should diffuse and equilibrate rapidly with 
water in the body fluid to be measured. 
3) That its rate of equilibration should be rapid compared 
with its rate of excretion. 
133 
4) That the substance must not itself affect the state of 
hydration of the subject. 
5) That the substance must not be adsorbed onto any other 
substances, nor must it be appreciably soluble in 
lipoids. 
6) Accurate quantitative measurements of the substance 
must be possible. 
Substances which have been used to measure plasma 
volume have included distilled water 117 , pneumococcus 
polysaccharide 118 various colloids 
119 117 
, and proteins 120 , 
haemoglobin 121 and carbon monoxide 122 , but in more recent 
times radioactive tracers and dyes, or substances which, 
though not themselves dyes, will react to produce a 
quantitative calorimetric response, have been utilised. 
Although radioactive tracers now appear to be used more 
extensively than dyes and colour-producing reagents, this 
review will be confined largely to the second group of 
substances, since it was two such reagents which were used 
in the work performed upon the ponies. 
(i) Plasma Volume Determination 
Dawson, Evans and Whipple 
123 studied the behaviour of 
a large number of dyes introduced into the circulation for 
the purpose of measuring plasma volume, and from their 
investigations they concluded that it was impossible to 
predict the behaviour of a dye in the bloodstream solely 
from a knowledge of its chemical formula. After testing 
over sixty dyes in dogs, they found that the dye - T-1824 
was the most satisfactory of those they examined. 
SO 3.Na 
134 








is a water stable, water soluble azo dye with a molecular 
weight of 960124 . First used for plasma volume measure- 
ments by Keith, Rowntree and Geraghty125 it fulfilled the 
requirements listed by Crandall and Anderson116 reasonably 
well. It had the added advantage that at the optimum light 
absorption of 620 nm the presence of a small degree of 
haemolysis did not significantly affect the optical density 
reading 
18 123 126 127 128 129 
Despite the many advantages of using T-1824 for plasma 
volume determinations, it became evident that the dye was 
not ideal, and many workers encountered difficulties, and 
obtained wide variations in results when T-1824 was used 
130 
131 132 133 134 
. It was later discovered, however, that 
not all the errors reported were intrinsically due to 
properties of the dye2O 135 
Large errors were incurred when attempts were made to 
determine blood volume by direct measurements of plasma 
volume and the packed cell volume percentage, and the sub- 
sequent calculation of red cell volume and blood volume 
135 
from the two direct observations - The phenomenon of 
plasma trapping in the column of erythrocytes has already 
been discussed in Section No.1, and will not be discussed 
again, other than to mention that it is cited as a source 
of error in indirect determinations of blood volume. 
Meneely Wells and Hahn130 and Nachman, James, Moore 
and Evans136, discovered that measuring plasma volume and 
packed cell volume and then calculating blood volume from 
such measurements overestimated the blood volume of human 
subjects. Suffice it to say that blood volume calculated 
from the direct measurement of either the cellular or the 
non-cellular fraction, and the venous packed cell volume 
percentage, may be considered a useful general indication 
of blood volume, especially if the value of the direct 
measurement is determined by collecting several samples and 
extrapolating the disappearance curve to zero. where 
accuracy rather than speed is the primary aim, however, 
independent direct measurement of the cellular and non- 
cellular components appears to be a prerequisite 
20 137 1 
6 
A further source of error is the discrepancy between 
the venous haematocrit and the "total body" haematocrit. 
With one exception, workers who have investigated this 
discrepancy have demonstrated that the venous haematocrit 





found that in their eleven ponies the converse 
was true, though the discrepancy was not large. This 
suggested that errors in trying to determine blood volume 
from measurements of plasma volume and venous packed cell 
volume percentage were due to an inaccurate assessment of 
erythrocyte volume rather than lack of reliability of the 
dye dilution technique. 
However, Krieger, Stoorasli, Friedell and. Holden 133 
showed that T-1824 indicated a higher plasma volume than 
did radioisotopes, and this they attributed to extra- 
vascular leakage of the dye. Gregerson and Rawson 
1 
33 
also obtained higher values for plasma volumes with T-1824 
than with non-dye substances, and Boyd 131 , working with 
sheep, reported that the results of plasma volume determin- 
ations made with T-1824 were both higher and less repro-= 
ducible than the results yielded by using radioisotopes. 
This suggests a failure of the dye to conform to the 
properties required of a substance used for body fluid 
volume measurements. 
Payne, Yyley and Gartner 
134 and Rawson 139 showed that 
when injected intravenously T-1824 became bound to plasma 
albumins, and therefore the volume of distribution of T- 
1824 in fact measured the volume of distribution of plasma 
albumin, though none of these workers proposed that plasma 
volume differed significantly from plasma albumin distri- 
bution volume in clinically normal subjects. Rawson 
139 
was able to demonstrate that some globulin binding could 
also occur, but this seemed unlikely to be a source of 
appreciable error. 
Allen, Ochoa, Roth and Gregerson 
1 
4° examined the 
spectral absorption of equal concentrations of T-1824 in 
plasma from various species, and they observed significant 
-137 
differences in the wavelength of maximal absorption between 
species. In equine plasma they discovered that maximal 
absorption occurred over the range 620 to 622.5 nm, though 
small variations within the equine species were observed. 
These differences between and within species suggested to 
alen et al. 140 that more than one type of linkage occurred 
in the binding of T-1824 with plasma albumin. 
Rawson 139 also demonstrated that the addition of 
plasma containing T-1824 to aqueous solutions alters the 
wavelength of maximal absorption. Furthermore, it has been 
141 
shown ° that the optical density of T-1824 can be affected 
by the salt concentration of solutions, pH values and protein 
concentrations though only in extremes incompatible with 
life. Thus it is important that the diluent employed for 
the final dilution of the dyed plasma prior to spectro- 
photometric determination of the optical density is selected 
with care. Payne et al. 
134 concluded that the three major 
causes of error which occurred in plasma volume determin- 
ations were extravascation of the albumin plus dye, the 
turnover of plasma albumin and the consequent removal of 
the dye from the circulation, and removal of unbound dye by 
reticulo-endothial cells. 
An alleged source of error which attracted much in- 
vestigation was the so-called "Cat Effect" reported by 




. Cruikshank and ;:hitfield 
showed that after intravenous injection of the dye into 
cats mixing was complete within approximately one minute, 
but they discovered that the dye disappearance 
717k, 
curves continued to fall rapidly for over six minutes, 
until a slower, steadier disappearance rate became evident. 
They then demonstrated that when a second injection was 
given the rapid component of the disappearance curve (i.e. 
the component which occurred after initial mixing and 
before the slow disappearance curve) was absent. They con- 
cluded that phagocytosis of some of the dye by reticulo-endo- 
thelial cells was responsible for the rapid disappearance 
of some of the dye after mixing. Cruikshank and 1hitfield132 
found that unless the reticuloendothial system was "blocked" 
before a plasma volume determination with T-1824 was attempted 
the volume measured by extrapolation to zero time of the 
disappearance curve was subject to an error which could 
exceed twenty per cent. The phenomenon was denied in 
humansty Campbell, Sokalchuk and Penman 142 and by Noble and 
Gregerson 143 in humans and dogs. The possibility of this 
occurring in ponies has not apparently been investigated. 
Conflicting opinions about whether several blood 
samples should be withdrawn after the injection of the dye, 
or whether a single sample is sufficient,are evident 
throughout the literature pertaining to plasma volume deter- 
minations. Obviously the single sample technique has the 
practical advantages that the plasma volume is determined 
relatively quickly, less work is involved, and the procedure 
is doubtlessly more comfortable and less alarming for the 
subject. However, the single sample technique appears to 
be more susceptible to error than the multiple sampling 
139 
technique. If a single sample is used, it is essential 
that this is not collected before mixing is complete 18 
20 
128 132 137 144 and ideally either no elimination of the 
dye should have occurred 128 144, or else an allowance 
should be made for it 20 . If several samples are 
collected the form of the disappearance curve should indi- 
cate if the first samples were collected too quickly 
following the injection of the dye, and appropriate action 
can subsequently be taken. Hahn, Ross, Bale, Balfour and 
',hippie 
144 
defined three phases of the T-1824 disappearance 
curve. The first phase corresponds with turbulent mixing 
in large vessels and axial streams of smaller vessels, the 
second phase the diffusion of the dye into sluggishly 
moving and stationary plasma films, and the third the loss 
of dye from the circulation. However, the calculation 
of plasma volume based upon the extrapolation of the 
clearance curve to zero time presumes that over the time 
of the investigation plasma volume does not change 
117 124 
Several workers have applied dye dilution techniques 
to the measurement of equine plasma volumes 17 18 135 137 145 
and others have used radioisotopes for the same purpose, 
and for the measurement of erythrocyte and blood volumes 7 
17 20 146 147 




calculated what he believed to be the 
blood volume of his horses from the plasma volume and 
packed cell volume percentages. Although he based his 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































sample, he stated that for work where accuracy rather than 
speed was the main objective, multiple sampling and extra- 
polation of the clearance curve to zero was preferable. 
Courtice 137 discovered that deeply pigmented equine plasma 
could affect the accuracy of the method. Using T-1824 
Courtice137 obtained variable day-to-day results from the 
same horse but he attributed these variations primarily to 
changes in blood volume. 
Cronin' 35 used a similar technique to that employed 
by Courtice137 except that he collected several blood 
samples following the injection of the dye, and based his 
calculations on the extrapolation to zero time of the dye 
concentration curve. Cronin also applied a 4% "correction 
factor" for trapped plasma to the packed cell volume per- 
centage value he obtained. T-1824 disappeared from the 
plasma of Cronin's horse at the rate of 4.37 of the 
injected dose/hour. Cronin135 admitted that the assumption 
that 4% represented the true magnitude of the plasma trapped 
in the erythrocyte column of the haematocrit, and the use 
of a mean packed cell volume percentage for the calcu- 
lation of the blood volume, were likely to be two sources 
of error in his work. Nevertheless he appeared unaware 
that venous haematocrit and body haematocrit were unlikely 
to be identical 9 17 18 
20 
. Furthermore, he accepted a 
basic presumption of the extrapolation method of calcu- 
lating plasma volume - namely that the plasma volume 
remains unchanged throughout the period of time during 
which samples were withdrawn. 
142 
Collery and Keating7, measured the erythrocyte 
volume of their animals using 32P-tagged erythrocytes, and 
estimated blood and plasma volumes from the erythrocyte 
volume and the packed cell volume percentage. Though they 
"corrected" the observed packed cell volume percentage for 
trapped plasma they too assumed that venous and body 
haematocrit were identical 9 17 18 20 
752 Julian, Lawrence, Berlin and Hyde 147 also used - P- 
tagged erythrocytes to measure erythrocyte volume, but they 
failed to specify whether plasma volume was estimated or 
measured, though they did report a lack of reliability in 
the venous haematocrit as an indication of total blood 
and erythrocyte volume. They attributed this observation 
to the fact that changes in the cellular and non-cellular 
components of blood could occur independently and simul- 
taneously. 
Dalton and Fisher 145 used T-1824 to measure the 
plasma volumes of their horses. Their calculations appeared 
to be based upon the dye concentration in a single plasma 
sample. For calculating blood volume they assumed the body 
and venous haematocrit to be similar9 
18 20, and disregarded 
7 9 20 62 64 65 5r6 trapped plasma in the erythrocyte column 
One aspect of the work of Marcilese, Valsecchi, 
Figueiras, Camberos and Varela 9 has already been described 
in Section No.l. During the course of demonstrating dis- 
crepancies between total body haematocrit and venous 
haematocrit values, i4arcilese et al., 9 made direct simul- 
taneous measurements of plasma and erythrocyte volumes 
143 
59-, Cr. using te and Blood volume was calculated by 
summation of the plasma and erythrocyte volume. Their work 
demonstrated the higher erythrocyte and plasma volumes of 
thoroughbred horses compared with riding and draught type 
animals. 
Zeller and Siewert 
146 "labelled" serum albumin with 
131 
1 and measured the volume of distribution of serum 
albumin - 1311 in blood. They investigated the horses both 
in the resting state and after exercise, and they termed 
the blood volume they measured in the animals at rest the 
active blood volume. The volume after exercise was termed 
the total blood volume and was the larger of the two volumes. 
Zeller and Siewert 
146 
considered that the total blood 
volume represented the volume of circulating blood in the 
resting animal plus the volume contained in "blood re- 
servoirs" which they believed emptied as a result of 
strenuous exercise. 
In the course of determining erythrocyte, plasma and 
blood volumes of domestic animals, including horses, Lauder2° 
encountered many sources of error associated with the 
dilution technique. He discovered that when the cellular 
and non-cellular components of blood were measured directly 
the results differed from those obtained by indirect esti- 
mation. Lauder 
2° 
also discovered that different tracers 
yielded different results, but he expressed the belief 
that the most consistent sources of error in the dilution 
technique was the failure to estimate precisely the 
quantity of material injected. Mention was aleo made of the 
144 
error involved in calculating blood and blood constituent 
volumes from the concentration of injected material in a 
single blood sample as opposed to several. Lauder 
20 
found that T-1824, though reasonably satisfactory, could be 
affected by haemolysis and lipaemia, whereas 1311 had the 
advantage of being affected by neither, though it suffered 
other disadvantages. 
Persson 18 considered that T-1824 met the usual 
requirements of a substance used for dilution techniques 116 
and in addition, unlike radioisotopes, it had the advantage 
of almost unlimited storage. Persson 
18 
stressed that the 
difference between body haemotocrit and venous haematocrit 
was large in horses, and this he attributed to the spleen 
acting as a reservoir for blood with a very high haematocrit. 
Persson 18 used a 1% solution of T-1824 to determine the 
plasma volumes of his horses, and based his calculations 
upon the concentration of the dye in the plasma of a blood 
sample collected 15 minutes after the injection of the dye. 
He listed the following sources of error in his work as 
being:- 
a) perivascular infiltration, 
b) incorrect volume injected, 
c) haemolysis, though he considered this relatively 
unimportant, 
d) attempting to derive blood volume from the plasma volume 
measured with T-1824, and the venous packed cell volume 
percentage. 
Persson 
18 calculated that the percentage error in 
145 
plasma volume determinations in the horse, using T-1824 
was likely to be approximately 4- 8.4%, and if blood volume 
was then estimated from plasma volume and the packed cell 
volume percentage, the likely error would be circa 12.5. 
Persson 18 noted that excitement, nervousness and exercise 
elicited changes in the dye concentration in plasma, and 
he presumed that these reflected changes in plasma volume, 
which thus appeared to decrease under such circumstances. 
Increases in the packed cell volume percentage, reaching a 
maximum after 4 minutes, were concurrent with these emotions, 
and Persson 18 attributed this principally to splenic 
contraction. Persson 
18 
claimed that the blood volume of the 
horse was more closely correlated with the animal's body 
weight than with its body surface area, though it is possible 
that difficulty in obtaining an accurate assessment of the 
surface area of the body of a horse could be a complicating 
factor. 
Bianca's 156 investigation of the effects of dehydration, 
rehydration and overhydration were confined to cattle, but 
as will be evident later in this section, he observed 
similar phenomena to those- observed when the ponies were 
water-loaded, so mention will be made of Bianca's work. As 
he anticipated, dehydration caused an increase in the packed 
cell volume percentage, total blood solids, haemoglobin con- 
centration, blood viscosity and erythrocyte total solids. 
Overdehydration, effected by the infusion into the rumen of 
5;6 to 10% body weight of water, caused initial increases in 
packed cell volume percentage, total blood solids and 
146 
haemoglobin concentration, which later fell to normal. 
During overhydration, stress caused by the infusion. was 
postulated as the cause of the observed increases. Since 
Bianca156 failed to observe any indication of excitement 
he believed that stress caused the mobilisation of erythro- 
cyte -rich blood into the circulation, and, simultaneously, 
water from plasma into tissue spaces. 
Bianca156 also noted changes in the urine produced by 
the ruminants during variations in their states of hydration. 
Dehydration was observed to cause an increase in urine 
specific gravity. Overhydration caused a fall in the 
specific gravity of the urine voided within approximately 
1 hours of the water loading. This lower urine specific 
gravity was maintained for approximately 4 hours before the 
return to normal began, and within the three hours following 
the infusion a volume of urine equivalent to 18eÁ to 43 
of the water infused had been passed. 
(ii) 'rTYiocyanate Space" Volume Determination 
Fio substance has been found to possess the properties 
which make it ideal for use in the measurement of extra- 
cellular fluid volume by the dilution technique148. 
Furthermore, the definition of extracellular fluid is in- 
consistent128 149. Hix, Evans and [Inderjberg149 defined 
extracellular water as the water contained in plasma, lymph, 
and interstitial fluid, whilst others128 included cerebro- 
spinal fluids to which Hix et al.149 referred as trans- 
cellular water. Doubtlessly it was convenient for most 
147 
workers to include in their definition of extracellular 
fluid those body fluid compartments entered by substance 
they were using during their investigations. 
Sodium thiocyanate was the substance chosen by many. 
Although not ideal, it fulfilled Crandall and Anderson' si16 
criteria for substances used to measure a body fluid volume 
by the dilution technique. To avoid confusion with true 
extracellular fluid volume, the volume of fluid through which 
sodium thiocyanate diffuses will be referred to as the 
,!thiocyanate space". 
Sodium thiocyanate is non-toxic in the dose range 
normally used, reasonably rapid in reaching equilibrium, 
slow to be excreted, and not normally metabolised. Crandall 
and Anderson 116 believed that sodium thiocyanate did not 
significantly affect the state of hydration of the subject. 
They also believed that it was not bound to any serum 
fraction precipitated by trichloracetic acid, though con- 
flicting evidence is available from other authors 
151 152 
Following the intravenous injection of sodium thio- 
cyanate Crandall and Anderson 
116 
discovered its presence 
in lymph, cerebro-spinal fluid and salivary and pancreatic 
secretions, though the concentrations ofl±docyanate in 
these fluids were not identical with that in plasma. Un- 




did not state the 
species to which these discoveries applied. Although 
Crandall and Anderson found that the fluid volume through 
which thiocyanate was distributed in their horses was 
equivalent to 27.5% of the animals' body weight, no detailed 
143 
reference to the equine body fluids into which thiocyanate 
entered was discovered. It appeared that all work of this 
nature has been confined to other species. 
Gregerson and Stewart153 discovered that sodium 
thiocyanate and T -1824 could be simultaneously used for 
measuring so- called "thiocyanate space" and plasma volume 
respectively, since trichloracetic acid precipitated the 
T -1824 along with plasma proteins, leaving the thiocyanate 
ion in the supernatant fluid. Another advantage of the use 
of thiocyanate in this way was that serum containing the ion 
could be stored unchanged for up to one month153. Though 
such a long storage period was unnecessary in the course of 
the work with the Shetland ponies, the fact that thiocyanate 
and T -1824 solutions could be used simultaneously was a 
great advantage. 
Although Winkler, Elkington -and risenman154 doubted 
that the dilution volume of the thiocyanate ion co- incided 
exactly with the extracellular fluid volume, they neverthe- 
less believed it to be a useful approximation because they 
considered that changes in the volume of the "thiocyanate 
space" may reflect changes in true extracellular fluid 
volume. The relationship between the "thiocyanate space" 
and extracellular fluid volume is unknown. Elkington and 
Taffel155 believed that the volume of distribution of thio- 
cyanate increased when several hours have elapsed following 
thiocyanate injection, due to the entry of thiocyanate ions 
into cells. Nevertheless Elkington and Taffel155 advocated 
multiple sampling, provided the samples are collected before 
149 
the time after which thiocyanate is believed to enter the 
cells, rather than the single sample technique. The work 
of Rosenbaum and Laviete 150 showed that the thiocyanate 
ion entered erythrocytes proportionately to the water 
content of the erythrocytes. It was also found to enter 
some cells, notably those of glandular organs. Though this 
work was not performed upon horses, it seems possible that 
it could apply to equine species. Rosenbaum and Lavietes 150 
supplied strong evidence of the formation of a lipoid- 
thiocyanate complex after intravenous injection of sodium 
thiocyanate, so that a portion of thiocyanate was not free 
to diffuse from plasma. 
Scatchard, Scheinberg and Armstrong 
151 
investigated 
the combination of thiocyanate ions with serum albumin, and 
discovered that as many as 40 thiocyanate ions could combine 
with each albumin molecule, though they emphasised that 
species differences could arise. Scheinberg and Kowalski 152 
examined thiocyanate binding further, and discovered that 
in human serum approximately one half of the total thiocyanate 
administered was bound, mostly to serum albumin, but also to 
another serum component and/or erythrocytes. If binding 
occurs in equine serum it is possible that a different 
proportion of the thiocyanate might be bound, but, until 
it can be shown that this does not occur in horses, it is 
reasonable to regard thiocyanate binding as a source of 
error in the measurement of the thiocyanate space. Scheiberg 
.1 
and Kowalski- 
52 stated that the relationship between the so- 
called "thiocyanate space" and true extracellular fluid 
110 
volume is unknown, for the following reasons: - 
a) the concentration of extracellular albumin is unknown. 
b) the extent to which thiocyanate enters cells is unknown. 
e) equilibrium between the thiocyanate in plasma and that 
in extracellular fluid may not be attained. 
Regarding a) Scheinberg and Kowalski152 concluded that 
the closer the concentration of albumin in extracellular 
fluid approached that in plasma, the smaller the error due 
to differences in albumin concentrations would be. Re- 
garding h) because thiocyanate ions enter the erythrocytes 
in concentrations similar to the free thiocyanate concen- 
tration in serum, and because thiocyanate ions enter other 
cells too, a falsely high result is incurred. Regarding 
c), since plasma or serum are the only extracellular fluids 
normally available for sampling, the concentration of thio- 
cyanate in interstitial fluid is unknown, and if the 
concentration in plasma or serum remains higher than in 
interstitial fluid then a falsely low value for the volume 
of extracellular fluid is obtained. 
Little work appears to have been undertaken which 
involved investigating the magnitude of the extracellular 
fluid volume or the thiocyanate space in equines. The 
work of Crandall and Anderson has already been mentioned. 
Yousef, Dill and i"Iayes115 studied shifts in the body fluids 
of donkeys during dehydration. They discovered that the 
percentage reduction in the plasma volume was less than 
that in the thiocyanate space volume, which in turn was 
less than the percentage decrease in the intracellular fluid 
151 
volume. Yousefet al. 115 concluded that the pattern of 
change was effective in minimising reductions in circu- 
lating blood volume at the expense of thiocyanate space 
fluid and intracellular fluid. No evidence of overhy- 
dration was present after access to water was permitted. 
It has been recorded that the rapid ingestion of 
one litre of water in man induced an 8% increase in the 
thiocyanate space without a detectable change in the plasma 
volume arising 159 No reference to the measurement of 
the body "fluid compartments" of equines subjected to water 
loading has been discovered, however. 
The measurement of the plasma and "thiocyanate space" 
volume of the untreated ponies was undertaken in order to 
determine not only the magnitude of the volumes, but also 
the percentage of the body weight which plasma comprised. 
In addition, it was of interest to compare the plasma 
volumes of these ponies with those published by others who 
investigated the body 'fluid compartments" of equines. 
The determination of the plasma volumes made possible 
the estimation of the approximate total quantities of 
certain electrolytes and urea in plasma. Hence, on future 
occasions, when changes were noted in the concentrations of 
these plasma constituents, it vas possible to relate changes 
in concentration to probable changes in the total quantities 
present. Obviously it was only possible to obtain approxi- 
mate values because considerable variations in electrolyte 
152 
and urea concentrations have been shown to arise spon- 
taneously (see Section No.1, Pert 1), and after feeding 
(see Section No.2). 
A study of changes in the bodynfluid compartments" 
following the administration of a large volume of water 
per os was considered to be a useful exercise because of 
possible clinical applications. It was believed that the 
expansion of the plasma volume in this manner might, if the 
expansion proved to be sufficiently large, be a simple and 
rapid way of treating dehydration in an animal unable to 
drink voluntarily. Furthermore it as considered possible 
that changes in the concentrations of selected blood con- 
stituents after water loading might reflect the percentage 
changes in the plasma volume as indicated by T-1824 dilution. 
It was also of interest to examine the effect of the raid 
intake of a large volume of water upon the volume, specific 




The five ponies studied during this series of experi- 
ments were those which were used throughout the work 
described in this thesis. Basic management has been 
described previously. 
Each pony was subjected to two investigations, both 
of which involved the measurement of the plasma volume 
with T-1824 dye, and the measurement of the "thiocyanage 
space" volume with sodium thiocyanate. In all the experi- 
ments 10 ml of a or 2% solution of T-1824 dye, and 40 mis 
of a 10 sodium thiocyanate solution were injected intra- 
venously into a jugular vein. The T-1324 was dissolved 
Ln physiological saline solution, and the sodium thiocyanate 
in sterile distilled water. It was found necessary to in- 
crease the concentration of the T-1824 solution from 1% to 
2% because of fluctuations in the optical density of un- 
dyed plasma. This increase satisfactorily minimised the 
effect of the fluctuations. All blood samples were 
collected by venepuncture of the opposite jugular vein to 
that into which the T-1824 dye and sodium thiocyanate were 
injected, using B-D vacutainers containing freeze-dried 
heparin anticoagulant, and a B-D 20G needle. 
During the first series of experiments the plasma and 
thiocyanate space volumes in the untreated ponies were 
measured. Throughout the duration of the experiments free 
access to drinking water was permitted. Hay was offered 
after the final blood sample was collected. 
A blood sample was withdrawn, and approximately 1.5 ml 
of a 2% xylocaine solution was infiltrated into the skin 
1)4 
over a jugular vein. Five minutes later a 16G needle was 
inserted into the vein, and a free flow of blood through 
the needle was considered to indicate complete penetration 
into the vein. A syringe containing the T-1824 dye vas 
attached to the needle, and the dye was injected as rapidly 
as possible. A brief pause followed, during which the 
syringe, with the plunger fully depressed, was held onto the 
needle in order to minimise the loss of dye-rich blood. 
The syringe was then removed and replaced with another 
containing the sodium thiocyanate solution. The injection 
nrocedure was repeated. Commencing one hour after the 
injection of T-1824 and sodium thiocyanate eight blood 
samples were collected et hourly intervals. 
Immediately after the collection of the blood samples 
the packed cell volume percentages were measured in tripli- 
cate in the manner described in Section No.1, Part 1, of this 
thesis. The remaining blood ras then centrifuged at 4,000 
r.p.m. for 15 minutes, and the plasma was decanted off the 
cells into a tube which was stoppered and stored at 4°C. 
The optical density of T-1824 in the plasma samples was 




128 method for the auantitative determin- 
ation of thiocyanate in plasma was modified slightly for 
this work. In order to attain higher concentrations of 
thiocyanate in the final solutions, 2 ml of plasma was 
added to 8 ml of trichloroacetic acid. 2 ml of the standard 
solution was likewise added to 8 ml of trichloroacetic acid. 
The solutions which were subjected to optical density 
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measurement comprised 4 ml of supernatant fluid and 3 ml 
of ferric nitrate reagent. This small modification en- 
sured that the deflection on the optical density gauge of 
the spectrophotometer always remained within the 0.300 
to 0.800 range, where sensitivity was greatest. The optical 
density was read at 622.5 run. All optical density measure- 
ments were made using a Unicam 5P500 spectrophotometer. 
The concentrations of T-1824 dye and thiocyanate in 
plasma were calculated from the optical density measurements. 
The results were plotted graphically. The logarithmsio of 
concentrations of T-1824 or thiocyanate were plotted on 
the ordinate, and a linear time scale on the abscissa. The 
lines of best fit were calculated using the method of least 
squares, and the lines were extrapolated ty the y axis of the 
graph, in order that the "zero-time" concentration could be 
determined. 
Plasma and thiocyanate space volumes were calculated 
using the equation 
v = - litres 
where v = the plasma or "thiocyanate space" volume (litres) 
x = the cuantity of T-1824 or thiocyanate injected (mg) 
y = the plasma concentration of T-1824 or thiocyanate 
at "zero-time" as indicated by the intersection 
of the line of best fit with the y axis of the 
graph (mg/litre). 
The second series of experiments involved the measure- 
ment of changes in plasma and thiocyanate space volumes 
following the rapid administration of 7.5 litres of water 
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by stomach tube. This volume is equivalent to about 4% 
body weight, and approximately 1.5 x the plasma volume of 
the individual ponies. Changes in the packed cell volume 
percentages and the concentrations of selected plasma 
constituents were also studied. Urine was collected for 
analysis for 48 hours after water loading took place. The 
collection of urine necessitated the use of the urine 
collecting apparatus and the ponies stood in stalls for 
the duration of the collection. Access to drinking water 
was permitted, and the daily hay ration was presented after 
the collection of the penultimate blood sample. 
In order to establish the plasma and thiocyanate 
space volumes immediately before treatment six blood 
samples were collected before the water was administered. 
Of these samples, one was removed before the injection of 
T-1824 and sodium thiocyanate, to serve as a source of 
undyed plasma, and five were obtained afterwards. immed- 
iately after sample 6 was taken, a stomach tube was passed 
and 7.5 litres of water were administered as rapidly as it 
would flow down the tube. This procedure took 5 to 8 
minutes. As soon as the stomach tube was removed the 
delivery tube of the urine collecting apparatus was 
connected to the collecting bottle. 
A summary of the times of the blood sampling and 
the analyses performed upon the individual blood samples 
is presented in Table No.56. 
Packed cell volume percentages and the concentrations 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Section No.1 of this thesis. The determination of the 
optical density of T-1824 and ferric thiocyanate and the 
calculation of their concentrations in plasma has already 
been described. Before calculating the change in the 
volumes of plasma and "thiocyanate spacOthe graph 
was examined visually. Unless the first five points 
formed a reasonably straight line, attempts to determine 
the degree of change in the volume of plasma and thio- 
cyanate space were abandoned. If the graph appeared 
satisfactory, calculations were continued. The graphs of 
both T-1824 and SCN- concentrations in plasma showed a 
similar general form, illustrated in the diagram. The 
derivation of the equation for calculating increases in 















































































































The Calculation of the Expansion in the Volume of a 
Body Fluid Compartment 
Let x = the quantity of dye present at 2 hours. 
Let V1 = the Fluid Compartment Volume before Water Loading. 
Let V2 = the Fluid Compartment Volume after Water Loading. 
By extrapolation, Cl = concentration of the dye at zero 
time in the untreated pony. 
By extrapolation, C2 = the concentration of the dye at 
2 hours in the untreated pony. 
By extrapolation, 03 = concentration of the dye at 
2 hours in the treated pony. 
(N.B. 2 hours = zero time with respect to the time of 
water loading) 
D c = C2 - 03 
However the quantity of dye (x) in the fluid compartment at 2 hours 
(i.e. zero time with respect to water loading) remains unchanged : - 
C2V1 = 03V2 
aJn V2 = C2V1 _.._...._ 
C3 
Increase in volume = V2 -Vl 
= C2V1 - Vl = V1 ( 1) 
C3 
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Two lines of best fit were derived using the method 
of least squares. As can be seen in the diagram, two 
components of the concentration curve were Present, but 
since the demarkation between the two was seldom distinct 
it was necessary to add and subtract points in order to 
determine to which component of the curve those concen- 
trations in the post water-loading period belonged. The 
changes in the volumes of plasma and thiocyanate space 
were calculated as shown in the explanation following the 
diagram. 
Urine analyses were performed using the methods 
described in Section No.1, Part 2, of this thesis. Owing 
to the urine collecting bottles having a capacity of 
9 litres it was necessary to collect the urine passed 
during the first 24 hours after the administration of tIle 
water load in two aliquots. 
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RESULTS 
The data collected from the study of the plasma and 
thiocyanate space volumes of the untreated ponies are 
presented in Tables 57 and 58. Presented in Tables 59 and 
60 are the data obtained from the investigation of the 
effect of the rapid administration of 7.5 litres of water 
upon these volumes. The approximate total quantities in 
plasma of selected electrolytes and urea are listed in 
Table No.61. The effect of the water load upon selected 
blood constituents is presented in Tables 62 to 67. The 
effects of the water load upon 24 hour urine volume, pH, 
specific gravity and selected constituents are presented 
in Tables 68 to 76. In order that differences between 
individual ponies were not masked, each pony was used as 
his own control throughout all this work. 
After water loading discomfort was manifest by sweating 
in four out of the five ponies. Of the four, one pony 
(Jimmie), on whom sweating was especially pronounced, 
exhibited paddling movements of the limbs, suggestive of 
mild colic. The ponies were noticed to sometimes turn and 
bite their flanks, and all five ponies defaecated within 
three minutes of receiving the water load. Signs of dis- 
comfort subsided within approximately 2 hours of water 
loading. The daily hay ration was offered six hours after 
water loading, and all the hay was consumed within 17 hours. 
N.D. The plasma and thiocyanate space volumes measured in 
the untreated ponies over an eight hour period will be 
referred to as 'control" volumes. The results obtained by 
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extrapolation of the clearance curves to zero for the 
two hours immediately preceding water loading will be 
referred to as the "before water loading" volumes. Those 
results obtained immediately following the administration 
of 7.5 litres of water will be referred to as the expanded 
volumes. 
TABLE No.57 












'Jt. of Pony (kg) 178.7 164.2 181.4 181.4 214.1 
Plasma Vol. 
(ml/kg body wt.) 31.3 31.7 25.3 27.4 25.4 
Specific gravity 
of plasma 1.026 1.026 1.027 1.024 1.027 
Ut. of plasma(kg) 5.74 5.33 4.70 5.09 5.58 
Body Weight 3.21 3.25 2.60 2.81 2.61 
+ 19 T-1824 solution used 
* 29 6 T-1824 solution used. 
The plasma volumes showed no obvious relationship 
with body weight. The smallest pony (Jimmie) had the 
largest plasma volume/kg body weight, and the largest pony 
(MacGowan) the second smallest plasma volume/kg body weight. 
Though the range of the weights of the other three ponies 
was within 3 kg, differences in plasma volume of approxi- 
mately 20 were observed. 
The plasma of the smallest pony represented the 
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greatest percentage of the body weight. The second 
smallest pony had the second largest percentage body 
weight of plasma. In the remaining three ponies no 
relationship between the body weight and the percentage 
of the body weight represented by plasma was evident. 
TABLE No.58 
THE "THIOCYANATE SPACE" VOLUMES OF THE UNTREATED PONIES 
SCN- Space Vol. 
Scruffy Jimmie Billie Ben MacGowan 
(1) 42.59 32.25 41.90 48.64 45.94 
It. of pony (kg) 178.7 164.2 181.4 181.4 214.1 
SCN- Space Vol. 
(ml/kg body wt.) 238.3 196.4 231.0 268.1 214.6 
Though the smallest pony had the smallest thiocyanate 
volume, and the smallest thiocyanate space volume/kg body 
weight, no relationship between the thiopyanate space 
volumes and the body weight of the other ponies emerged. 
The pony with the smallest thiocyanate space volume/kg body 
weight had the largest plasma volume/kg body weight. 
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TABLE No.59 
THE EXPANSION OF THE PLASMA VOLUME BY A 7.5 1 VATER LOAD 
Plasma vol. before 
Scruffy Jimmie Billie Ben MacGowan 
H2O load (1) 6.16 5.78 5.70 5.42 6.36 
Plasma vol. be- 
fore H2O load 
(ml /kg body wt.) 34.47 35.20 31.42 29.88 29.71 
Expanded Plasma 
vol (1) 6.60 6.27 6.02 5.50 6.45 
Expanded plasma 
vol (ml /kg 
body wt.) 36.93 38.16 33.19 30.32 30.13 
'A ?eight of pony(kg) 178.7 164.2 181.4 181.4 214.1 
Expansion (1) 0.44 0.49 0.32 0.08 0.09 
Expansion 
(ml /kg body tit.) 2.46 2.98 1.76 0.44 0.42 
% increase 7.1 8.5 5.6 1.5 1.4 
Time after water 
loading of the 
inflection of the 
clearance curve 2hSmin lhl7min 3h2Omin 1h27min 30min 
The volume measured in the 2 hours preceding the 
administration of the water load. 
I.B. 2`.6 T -1824 solution was used for these measurements. 
The expanded plasma volumes of these ponies ranged 
from 0.08 1 t 0.49 1 greater than the volumes before water 
loading. Percentage increases varied from 1.4`6 to 8.5% 
which were equivalent to 1.14 to 6.5'6 of the rater load 
administered. Because only one control and one experiment 
were performed upon each pony, the reliability and 
repeatability of the experimental method could not be checked. 
1(36 
In all ponies the difference in plasma volume before and 
after water loading was less than the differences observed 
between the control volume and the volume before expansion. 
The greater the weight of the pony, the smaller was 
the increase in plasma volume/kg body weight, and the 
smaller the percentage increase in plasma volume. Though 
Billie and Ben fitted into this general pattern they 
exhibited different increases in plasma volume/kg body 
weight, and in the percentage increases in plasma volume, 
despite their body weights being identical. 
In Scruffy and Jimmie close agreement in the "control" 
and the "before water loading" thiocyanate Space volumes 
was obtained. In Billie and Ben the "before water loading" 
volumes were lower than the "control" volumes. In 
MacGowan the "before water loading" thiocyanate space 
volume was much greater than the-"control- volume. 
In Billie, Ben and MacGowan the magnitude of the 
expansion of the thiocyanate space volume was less than 
the difference in volume between the "control" and the 
"before water loading" volumes. 
Except in the case of MacGowan, the expansion of the 
thiocyanate space volume, as indicated by inflection of 
the clearance curve, commenced before the expansion of the 
plasma volume. The largest pony (MacGowan) eXhibited the 
greatest expansion of the thiocyanate space volume, the 
greatest increase/kg body weight and the greatest percentage 
increase. Otherwise there was no obvious relationship between 



































































































































































































































































































































































































































































































































































































































































































































































thiocyanate space volumes. In the largest pony the 
expansion of the thiocyanate space volume exceeded the 
volume of the water load. 
In all ponies the percentage increase in the thio- 
cyanate space volume was greater than the percentage 
increase in the plasma volume. The ratio of the increase 
in plasma volume:increase in thiocyanate space volume 
ranged from 1:6.8 to 1:148.3. The former ratio was observed 
in the smallest pony, and the latter ratio in the largest 
pony. The ratio of the percentage change in plasma volume: 
percentage change in thiocyanate volume ranged from 1:1.4 
to 115.4. The largest ratio was observed in the smallest 
pony, and the smallest in the largest pony. 
A trend towards these ratios decreasing as the body 
weight increased was evident, though no direct relation- 
ship was apparent. 
TABLE No.61 
THE APPROXIMATE TOTAL QUANTITIES IN PLASMA OF SELECTED 
ELECTROLYTES AND URTA 
Scruffy Jimmie Billie Ben MacGowan 
Vol. of Plasma (1) 5.59 5.20 4.58 4.97 5.43 
Sodium (mEq) 760 697 609 646 733 
Potassium (mEq) 23 25 18 19 21 
Chloride (mEq) 565 520 458 492 543 
Bicarbonate (mEq) 160 145 127 134 153 
Inorganic Phosphate 
(mgP) 173 165 142 177 134 
Urea (mg) 1627 2948 1608 1551 1489 
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These results were derived from the mean values of 
the plasma constituents in the individual ponies (see 
Section No.1, Part 1) and the "control" plasma volumes. 
Because \ \ride ranges in the concentrations of these 
constituents were observed in the untreated ponies it 
was possible to calculate only the approximate total 
quantities present in plasma. Changes in plasma volume 
may also cause fluctuations. 
TABLE No.62 
CHANGES IN PACKED CELL VOLUTE PER CENT AFTER A 7.5 1 WATER 
LOAD 
Time Scruffy Jimmie Billie Ben MacGowan 
Before H2O 34.5 33.0 31.0 32.0 33.0 
hour after H2O 31.5 32.0 31.0 36.0 36.0 
1 hour after H2O 31.0 32.5 30.0 33.0 36.0 
2 hours after 
H2O 33.5 32.5 29.0 29.0 33.5 
4 hours after 
H 
2 
0 34.0 32.5 30.0 33.0 35.5 
6 hours after 
H2O 
L 
32.0 36.5 32.0 46.0 32.5 
24 hours after 
H2O 33.5 34.5 27.0 30.5 33.5 
No obvious consistent pattern of change in the packed 
cell volume percentage was observed. Only in Ben did the 
lowest packed cell volume percentage occur after the 
commencement of plasma volume expansion. (The low packed 
cell volume percentage observed in Billie 24 hours after 
-.eater loading was disregarded.) Nearly all the values were 
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within the normal range of packed cell volume percentages 
of the untreated ponies. 
TABLE No.63 
CHANGES IN PLASMA SODIUM CONCENTRATION AFTER A 7.5 1 WATER 
12621=a1 
Time Scruffy Jimmie Billie Ben MacGowan 
Before H2O 128 130 130 125 136 
hour after H20 125 133 125 125 135 
1 hour after H2O 123 126 131 125 135 
2 hours after H 
2 
0 123 115 134 128 130 
4 hours after 112 0 129 126 135 140 130 
6 hours after H2O 133 135 135 134 132 
24 hours after h20 128 128 138 130 137 
No consistent pattern of change in plasma sodium 
concentrations after water loading occurred. Ben's 
plasma sodium ooncentration showed no decline whatever. 
Scruffy and Billie showed small falls which occurred before 
the expansion of the plasma volumes began. Of the 
remaining two, Jimmie showed a pronounced decrease and 
MacGowan a smaller decrease, at varying times after water 
loading. 
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TABLE AIo . 64 
CHANGES IN PLASMA POTASSIUM CONCENTRATION AFT 
WATER LOAD (mE2r /1) 
Time Scruffy Jimmie Billie Ben MacGowan 
Before Ií20 4.60 4.10 4.50 4.00 4.10 
1 hour after H2O 4.50 4.10 3.90 3.70 4.10 
1 hour after FI20 4.10 4.00 3.90 3.50 3.70 
2 hours after H2O 4.20 4.10 3.30 3.35 3.85 
4 hours after 1-190 3.80 4.15 3.90 3.60 3.95 
6 hours after H2O 3.80 4.00 3.00 3.45 4.00 
24 hours after H2O 4.30 4.10 4.00 4.20 3.60 
Decreases in the concentration of plasma potassium 
were noted in all five ponies after water loading, but in 
four of the ponies the decreases commenced before the 
expansion of plasma volume was detectable. 
CI-ANGES IN PLASMA 
TABLE No.65 
Ar TER A 7.5 1 CHLORIDE CONCENTRATION 
WATER LOAD (mEq /1) 
Time Scruffy Jimmie Billie Ben MacGowan 
Before H2O 94 104 99 93 98 
A. hour after H2O 95 104 94 98 96 
1 hour after H90 96 101 95 96 94 
2 hours after H2O 90 98 93 99 93 
4 hours after H2O 97 100 100 102 96 
6 hours after l-í20 104 106 100 103 99 
24 hours after H2O 103 110 102 105 98 
Though all ponies exhibited lower plasma chloride 
concentrations at some stage after water loading than be- 
forehand, only in MacGowan did the onset of the decline in 
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the plasma chloride concentration coincide with the 
commencement of plasma volume expansion. The lowest 
concentration in Scruffy, Billie and Ben was attained 
before plasma volume expansion began. Jimmie's lowest 
plasma chloride concentration occurred after the 
expansion of his plasma volume began. 
TABLE No.66 
CHANGES IN PLASMA INORGANIC PHOSPHATE CONCENTRATION AFTIIR 
is=7=6-L2.=-KAT:4,===ln p loona 
Time Scruffy Jimmie Billie Ben lacGowan 
I; 0 Before 
2 - 
4.05 3.26 3.13 3.74 2.36 
i hour after 1120 3.60 2.65 2.86 3.54 1.97 
1 hour after H2O 2.50 2.87 2.21 3.15 2.32 
2 hours after H2O 2.76 2.94 2.27 3.22 1.43 
4 hours after H00 3.17 4.32 2.72 3.91 1.35 
6 hours after H2O 2.70 3.64 2.57 3.59 1.68 
24 hours after H20 2.81 3.41 3.07 3.03 1.50 
Decreases in the concentration in plasma of inorganic 
phosphate occurred in all ponies, but, with the exception 
of MacGowan, the decreases commenced and attained their 
lowest levels before plasma volume expansion began. The 
lowest concentration of plasma inorganic phosphate in 
MacGowan was not reached until 4 hours after water loading, 
i.e. 3 ,¡ hours after plasma volume expansion commenced. 
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TABLE No.C7 
CHANGES IN PLASMA UREA CONCENTRATION AFTER A 7.5 1 ATM 
LOAD (mg urea/100 ml) 
Time Scruffy Jimmie Billie Ben 14acGowan 
Before H2O 29.9 51.4 31.9 31.5 25.2 
hour after H20 28.2 45.6 35.4 35.7 25.9 
1 hour after h20 27.8 43.0 31.3 35.0 26.1 
2 hours after ri20 25.4 41.6 34.9 37.1 24.9 
4 hours after 25.7 37.7 25.2 385 23.5 H2O 
- 
6 hours after H20 28.2 30.4 29.0 40.6 25.4 
24 hours after H2O 28.5 29.4 22.3 56.0 39.4 
Pronounced differences between ponies in the plasma 
urea concentrations were evident. MacGovan exhibited no 
marked change in plasma urea concentration until 24 hours 
after the water load, when an increase arose. Ben exhibited 
a small rise in the plasma urea level i hour after being 
water loaded. Further small rises were evident from 4 hours 
to 6 hours, and then a large increase occurred 24 hours 
after the water load was administered. The plasma urea 
concentration of Scruffy declined progressively from 
immediately prior to water loading to 2 hours afterwards. 
The level remained low until 4 hours after water loading, 
and then began to increase slightly. Billie exhibited a 
substantially decreased plasma urea concentration 4 hours 
after water loading, and following a small rise at 6 hours, 
another decrease occurred which led to the lowest value 
observed in this pony, 24 hours after he received the water 
load. Jimmie's plasma urea concentration declined pro- 
gressively over the whole 24 hours during which he was studied. 
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a significant increase (p < 0.05) above 
the mean value in the untreated pony. 
a highly significant increase (p < 0.01) 
above the mean value in the untreated pony. 
a significant decrease (p < 0.05) below 
the mean value in the untreated pony. 
a highly significant decrease (p < 0.01) 
below the mean value in the untreated pony. 
TABLE No.68 





Total 0 -24h. 
24h -48h 







7260 9310 10.020 
1440 860 1800 ,




The volumes of urine voided by the ponies during the 
24 hours following the administration of the water load 
were significantly increased above normal in two of the 
ponies (Scruffy and Jimmie) (p < 0.05) and highly signifi- 
cantly increased in the other three (p < 0.01). Of the 
urine voided during this time by far the greatest part 
was voided during the first 10-i hours. The urine volume 
passed by Jimmie was less than the volume of the water load 
administered. 
The volumes urine voided during the 24 to 48 hours 
following water loading were within normal limits, but in 
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all cases they were lower than the normal mean daily urine 
volumes passed by these ponies. 
TABLE No.69 
THE SPECIFIC GRAVITY OF URINE PASSED AFTER A 7.5 1 WATER LO&D 
Time after 
water load Scruffy Jimmie Billie Ben MacGowan 
0-10-ih. 1.009 1.008x 1.0064 1.0054 1.0054 
10h-24h 1.013 1.026 1.030 1.041 1.033 
24h-48h 1.015 1.035 1.022 1.048 1.045 
Concurrent with the increased volumes of urine voided 
within the first 10 hours of the collecting period were 
decreases in the specific gravity of the samples. The 
decreases were statistically significant in three ponies, 
highly significant in another, and insignificant in the 
fifth pony. The specific gravity of all urine samples 
collected during the latter half of the first day, and during 
the second day after water loading, fell within normal limits. 
TABLE No.70 
THE pH OF URINE PASSED AFTER A 7.5 1 WATER LOAD 
Time after 
water load Scruffy Jimmie Billie Ben MacGowan 
0-101-h. 6.40 8.80 9.15 6.80 9.00 
101-h-24h 8.60 7.80 6.45 8.30 8.20 
24-48h 8.80 8.30 9.00 8.80 8.35 
No significant pH changes were noted in any urine 
sample collected during the two days following water 
loading. 
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TABLE No. 71 
THE URINARY EXCRETION OF SODIUM AFTER A 7.5 1 
WATER LOAD (msq ) 
Time after 
water load Scruffy Jimmie Billie 
0 -101h. 29 157 120 
10 -24h 25 41 
0 -24h 198 178 






Four of the five ponies showed varying degrees of 
increased urinary sodium excretion during the 24 hours 
after the ingestion of the water load,. In three of the 
four, the increases were not statistically significant, 
but in the fourth pony (Ben) the increase gas highly 
significant (p < 0.01). During the second day following 
crater loa. ling the sodium excretion fell to within normal 
ranges, though the urinary sodium lost by all the ponies 
excepting Billie was below the normal mean daily loss. 
TABLE No.72 
THE URINARY EXCRETION OF POTASSIUM AFTER A 7. 1 WATER 
Time after 
water load 
LOAD m c 
Scruffy Jimmie Billie Ben MacGowan 







363 233 551 
432 292 5 
795 222 1100 
217 20, 801 
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The urinary excretion of potassium was not 
significantly affected by water loading, though a trend 
towards a low output was observed in three ponies. In 
Billie and Ben this trend continued into the second day. 
The low potassium content of the urine voided by Ben 
during the first day was accompanied by a significant 
increase in urinary sodium. 
TABLE No.7I 




vater load Scruffy Jimmie Billie Ben MaoGowan 
0-10h. 359 267 305 503 110 
10i-24h 1215. 122 196 22.d-7. 312 
0-24h §13.2 442 2.9.1 71!':, 422 
24-48h 447 
The urinary chloride excretion of these ponies was 
not significantly affected by water loading, though all 
ponies excreted less urinary chloride during the second 
day than during the first. 
TABLE No.74 














Jimmie Billie Ben MacGowan 
1077.7 63.6 196.1 10.3 
240.3 30.8 259.7 24.5 
1318.e 94.4 455.8 'A4.8 
486.2* 55.0 263.2 21.1 
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In three ponies urinary inorganic phosphate excretion 
was not significantly changed after water loading, but 
Jimmie and Scruffy exhibited highly significant increases 
(p < 0.01) during the first 24 hours following water 
loading. Jimmie also excreted significantly more urinary 
inorganic phosphate (p < 0.05) during the second day 
following water loading. 
TABLE N0.75 
THE URINARY EXCRETION OF AMMONIUM AFTER A 7. i WATER 
LOAD (mEq), 
Time after 
water load Scruffy Jimmie 
0-1Oih 98 77 
10i-24h 120 35, 
0-24h 218 112 
24-48h 260 91 
Billie Ben MacGowan 
273 95 175 
73 107 _z2 
.121 202 248 
276. 248 106 
No significant deviations from the normal daily 
urinary ammonium excretion were observed in any pony during 
the 48 hours following the ingestion of the water load. 
TABLE No.76 
THE URINARY EXCRETION OF UREA AFTER A 7.5 WATER LOAD (gj 
======', AW 
Time after 
water load Scruffy Jimmie Billie Ben MacGowan 
0-10h 20.8 10.4 14.1 14.6 12.8 
10i-24h 18.0 6.1 18.3 11.5 21.8 
0-24h 38.8 1b. atni-j 26.1 34.6 
24-48h 23.6 11.9 2/..1,1 22.6 29.0 
179 
In no pony was the daily urinary urea excretion 




Differences in the body weights of the ponies might 
be expected to influence the plasma volume, but no close 
correlation between plasma volume and body weight was 
apparent in these ponies. The differences between ponies 
in the plasma volume/kg body weight suggested that other 
factors influenced the plasma volumes of these ponies. 
The proportion of body fat has been shown to influence 
blood and plasma volumes 147 and variations in the body fat 
content of the ponies may have been partly responsible for 
the differences observed. Dehydration was excluded as a 
possible factor, though variations in the state of hydration 
could have arisen. Compared with the plasma volumes of 
equines studied by other workers (see Table No.55) the plasma 
volumes of these ponies were outstandingly low, although 
they bore closer resemblance to the plasma volumes of 
draught horses than light riding horses. It was antici- 
pated that the plasma volumes of the ponies might be similar 
to those of the Shetland-type animals investigated by 
Deavers et al. 
17 
but Deavers' ponies also had markedly 
higher plasma volumes than the ponies studied in the course 
of this work. Without further investigation the reasons 
for these very low results can only be postulated, but it 
is suggested that the high proportion of body fat of the 
ponies 
147 and a general lack of physical fitness compared 
with regularly exercised working animals, might have been 
contributory causes. 
It is difficult to explain why the "control" plasma 
131 
volumes were consistently lower than the "before water 
loading" plasma volumes. All graphs of the T -1824 
clearance curve yielded satisfactory straight lines. 
Furthermore, had two hours been inadequate for complete 
mixing of T -1824, such that the concentration in the fast - 
flowing regions of the circulation was greater than that 
in the slower -moving areas, lower results for the volumes 
preceding water loading would have been obtained144. The 
possibility that these results reflect natural variations 
cannot be eliminated, but this is difficult to accept in 
view of the consistent nature of the discrepancies, which 
also tends to exclude two other sources of error from being 
constantly involved - namely inaccurate assessment of the 
c!uantity of T -1824 injected2© and perivascular infil- 
tration18 134. In addition, the extrapolation technique, 
rather than single sampling was adopted throughout all this 
work, and of the two methods, the extrapolation technique 
should afford the greater degree of accuracy 1813'138 
The "Cat Effect ", if it did occur, was not considered to be 
a contributory cause of the discrepancies132 since it would 
have affected both the control volumes and the volumes 
before water loading. Though several weeks elapsed 
between the determination of the "control" plasma volumes 
and the "before" and "after" water loading plasma volumes, 
body weight changes were negligible, so the discrepancies 
observed were not attributed to body weight increases. 
It was concluded that a knowledge of the normal 
variations of the plasma volumes of the untreated ponies 
132 
is essential before further studies of factors disturbing 
plasma vol=e are investigated. This necessitates the 
measurement of the plasma volume to be repeated several 
times for each pony. 
The unusually large volumes of urine voided by the 
ponies after water loading were considered to indicate that 
much of the water load had been absorbed, but this could 
not be accepted as proof that the plasma volumes had been 
expanded beyond their normal upper limits. Absorption 
could have occurred relatively slowly, and a tendency to a 
consequent increase in the plasma volume could have been 
counteracted by the passage of some of the water into 
other fluid compartments 
16 115 
and the renal excretion of 
excess water absorbed 156 . The inflections in the clearance 
curves were regarded as the primary evidence for increases 
in the plasma and thiocyanate space volumes after water 
loading. 
It was probable that variations in the state of 
hydration of the ponies at the time of water loading in- 
fluenced the extent of the expansion of the plasma and 
thiocyanate space volumes. The fact that one of the ponies 
(MacGowan) exhibited an increase in the thiocyanate space 
volume greater than the volume of the water load administered 
might have been due to part of a large volume of water 
already present in the intestine being absorbed along with 
a portion of the water load itself. Access to drinking 
water at all times was permitted because it was intended 
that the effects of water loading should be studied in 
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normal ponies. Withholding water beforehand would thus 
introduce a degree of abnormality. 
Because of a lack of published data it is not known 
how closely the thiocyanate space volumes of these ponies 
compared with those of other equines. Since the specific 
gravity of the thiocyanate space fluid is unknown the 
thiocyanate space volume was not expressed as a percentage 
of the body weight b0 
Though discrepancies in the "control" and "before 
water loading" thiocyanate space volumes arose in four out 
of the five ponies the results obtained from Jimmie were 
considered to be within acceptable limits. The paired 
results from Billie, Ben and 'TacGowan all showed very 
large differences, the reasons for which are unknown, and 
these observations are difficult to understand. Since 
plasma volume and thiocyanate space volume were both deter- 
mined by the dilution technique the same basic principles 
apply, and hence both determinations are susceptible to 
similar sources of error associated with dilution. These 
sources of error have already been described and discussed. 
The determination of the normal variation in the thio- 
cyanate space volume of the individual ponies would be 
necessary before the discrepancies observed in Billie, Ben 
and MacGowan could be established as normal or abnormal. 
It is probable that the differences observed may have been 
caused both by normal variation and by error, but it is 
believed that no single error was wholely responsible for 
the Miscrepancies. 
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It was possible that the large "before water loading" 
thiocyanate space volume of NacGowan (c.f. the control 
volume) was due to an unusually large volume of water in 
the intestine, into which the thiocyanate diffused128. A 
possible source of error which could have given rise to the 
lower "before water loading" thiocyanate space volume in 
Billie and Ben (cf. their control volumes) is incomplete 
diffusion of sodium thiocyanate during the two hours 
between the injection of the thiocyanate 116 128 157 158, 
though the clearance curves did not suggest this. 
A very large error in the estimation of the volume 
of thiocyanate injected would have had to have been made 
for such a discrepancy in results to have been caused by 
the inaccurate assessment of the quantity of thiocyanate 
injected 20 , and this was discounted. Since it was possible 
to visually detect as little as 0.5 ml to 1.0 ml of fluid 
infiltrated subcutaneously into the tissue of the jugular 
groove, the risk of not detecting a volume sufficient to 
cause such a large discrepancy was negligible. 
From the observation that the percentage increases 
in the thiocyanate space volumes were greater than the 
increases in the plasma volumes it was concluded that the 
water absorbed was so distributed as to minimise changes 
in the plasma volume. Assuming that the erythrocyte 
volume remained unchanged, disturbanced in blood volume 
would therefore be minima1115. This observation is 
similar to that of Bellisario, Campa, Pugiliese, Giuliano, 
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Giuffrida and Condorelli 
165 
The inflection points ot the T-1824 and thiocyanate 
clearance curves indicated that in four of the ponies the 
expansion of the thiocyanate space volume commenced before 
that of the plasma volume. It was concluded that initially, 
water absorbed into the bloodstream diffused into the 
thiocyanate space fluid (and probably the intracellular 
fluid also), and only after some expansion of the thio- 
cyanate space volume was the plasma volume increased, 
either by retention of some of the absorbed water in the 
bloodstream or by back diffusion from the thiocyanate space. 
From the investigations performed it was impossible to 
determine the duration of the expansion of the plasma. and 
thiocyanate space volumes. The times of the first 
micturition after water loading varied from one to five hours. 
Though micturition may have indicated that the excretion 
of the water load had commenced, it is likely that the volume 
of urine within the bladder before water loading would have 
influenced these times. 
Although the use of isotopes concurrently with T-1824 
and thiocyanate would be valuable for some comparative 
purposes, radioisotopes used to measure 6xtracellular 
fluid volume possess a different volume of dilution to 
thiocyanate 20 128 154 
160 161 
. The value of such an 
exercise would therefore be limited to investigating whether 
isotope dilution reflected the same magnitude of change as 
that indicated by dyes and related substances, and whether 
the dye and the isotope both indicated an identical time 
for the commencement of volume expansion after water loading. 
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Although the cellular and non-cellular fractions of the 
blood form two different morphological and physiological 
entities the 
12 18 60 61 
venous packed cell volume per- 
centages were measured before and after water loading in 
order to determine whether any decreases occurred which 
reflected the increases in plasma volume indicated by the 
increased dilution of T-1824. 
Since it has been shown that fear, excitement 
60 61, 
and the time lapse between feeding and blood sampling can 
influence the packed cell volume percentage these had to 
be considered when interpreting the results. It was also 
appreciated that the venous packed cell volume percentage 
differed from the "total body haematocrit" 9 17 18 20 and 
hence changes detected in jugular packed cell volume per- 
centages might not typify the overall change. A redis- 
tribution of erythrocytes from elsewhere in the circulation 
and/or an increase in total circulating erythrocytes 
brought about by splenic contraction 9 18 20 
61 might have 
masked decreases in the venous packed cell volume percentage. 
Splenic contraction might have been mediated by apprehension 
and discomfort, the signs of which were evident after the 
water load had been administered 
60 61 156. 
A tendency to a decrease in the packed cell volume 
percentage could also have been masked by some increase 
in the red cell water content causing enlargement of the 
erythrocytes themselves13. Furthermore, the times at 
which the venous packed cell volume percentages were lowest 
frequently occurred before the commencement of plasma volume 
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expansion. The large increase in the venous packed cell 
volume percentage of Ben six hours after water loading 
was partially attributed to excitement in anticipation of 
feeding 
60 61 
since hay nets for other ponies were inad- 
vertently produced while a blood sample was being 
collected. 
It was concluded that despite a trend towards 
decreased packed cell volume percentages at various times 
during the six hours following water loading, changes in 
the venous packed cell volume percentages were not a true 
indication of concurrent changes in plasma volume. Further- 
more, increases of 1.4 to 8.5 in the plasma volumes would 
be unlikely to induce changes in the packed cell volume 
percentage outwith the normal range. This observation 
accords with that of Bianca 
156 
who investigated some aspects 
of the effect of overhydrating cattle. It was also believed 
that changes in the venous packed cell volume percentage 
were not a true indication of the magnitude of change of 
the total volume of circulating erythrocytes, and an 
accurate assessment of such changes would necessitate direct 
measurement of the erythrocyte volume. 
The pattern of change of some plasma constituents was 
complicated by factors other than a probable dilution of 
the plasma. The wide range of normal values has already 
been discussed in Section No.1 of this thesis, and the 
effect of feeding upon these values was demonstrated in 
Section No.2. Despite four of the five ponies exhibiting 
decreases in plasma sodium concentrations during the six 
l88 
hours after receiving the water load, in no pony did the 
maximum percentage decrease correspond with the calculated 
Percentage increase in the plasma volume. It was envisaged 
that sodium excretion could influence plasma sodium levels, 
and it was also considered possible that any tendency to 
a decline in plasma sodium concentration could be counter- 
acted by the mobilisation of sodium from elsewhere in the 
body. Furthermore, the injection of sodium in the form 
of sodium thiocyanate could have maintained the plasma 
concentrations at the levels observed. 
It appeared possible that dilution of the plasma 
could have exerted an effect upon the plasma potassium con- 
centrations but if so, no distinct pattern emerged. The 
decreases observed in plasma potassium and chloride concen- 
trations failed to correlate well with either the onset of 
plasma volume expansion or the degree of expansion. 
No distinct trends in changes in the plasma inorganic 
phosphate concentrations of the ponies were detectable. 
Fluctuations appeared somewhat randomly, and decreases did 
not coincide with the onset of plasma volume expansion 
defined by the clearance curves of T-1824. 
Because the sustained fall in the plasma urea concen- 
tration of Jimmie commenced within 30 minutes of his being 
water loaded, i.e. more quickly than the apparent expansion 
of the plasma volume, it was concluded that dilution of the 
plasma by the absorption of a portion of the water load 
was likely to be only partially responsible for the decrease 
in the plasma urea level. Furthermore, assuming that the 
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inflection point on the T -1824 clearance curve accurately 
indicated the commencement of plasma volume expansion, then 
volume expansion would only exert a detectable effect from 
two hours after water loading onwards. 
From this investigation into the effect of water 
loading upon selected plasma constituents it was evident 
that no consistent well defined indications of plasma 
dilution were obtained by monitoring the levels of the 
blood constituents studied. As has been stated previously 
such factors as normal fluctuations, urinary excretion, 
the diffusion of some constituents into the plasma from 
cells, and the influence of the time lag between feeding 
and blood sampling, could well all affect the concentrations 
in plasma of the substances investigated. Percentage changes 
in the various plasma constituents of the individual ponies 
studied showed no close similarities. 
Decreases in the constituents frequently commenced, 
and sometimes even reached their lowest levels, before the 
plasma volume expansion was detectable on the T -1824 
clearance curves. Though the clearance curves may be 
susceptible to some errors134, in view of the total lack 
of uniformity in the fluctuations of the plasma constituents 
monitored, the clearance curves appeared the more reliable 
of the two criteria. Thus it was concluded that the only 
valid and satisfactory way of measuring the plasma volume, 
and changes therein in these ponies,was by dye or isotope 
dilution. It is impossible to deduce from these data the 
quantity of water absorbed following the rapid administration 
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of 7.5 litres. A study of changes in total body water 
after water loading remains to be investigated at a future 
date. 
It was not considered feasible to estimate the 
volume of water absorbed from the volume of urine voided 
for four reasons. Firstly, the volumes of urine passed /24 
hours by the untreated ponies varied considerably within 
individuals, and so it was impossible to deduce th* pro- 
portion of the urine voided which was derived from the 
water load. Secondly, the volume of urine passed over 
24 hours only measured the rate of voidance, not the rate 
of urine production. The use of urinary catheters would 
have been necessary if urine production had been investigated. 
Thirdly, the renal route of excretion is not the only route 
of water loss, though it was the only route investigated. 
It was shown in Section No.1 Part 3 that faecal water loss/ 
24 hours closely approximates to urinary water loss over the 
same period of time, and any attempt to balance water in- 
take and output would need to include this loss. Loss of 
water due to the sensible sweating observed in four of 
the five ponies would also need to be measured. Fourthly, 
it was not proved that the whole of the water load absorbed 
was eliminated within 24 hours, despite the fact that the 
volumes of urine voided 24 to 48 hours after water loading 
were within normal limits. 
Though 7.5 litres probably represents only a small 
percentage of the gut content88 
93 the fact that the intake 
was so rapid was believed to be the primary cause of the 
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subsequent diuresis. Because of the evidence for plasma 
volume expansion it was considered that diuresis was 
mediated by increases in glomerular filtration rate162 and 
the suppression of antidiuretic hormone secretion 163 164 165 
Unfortunately, no specific references to the physiology 
of diuresis in the horse were discovered, and most of the 
work of this nature was performed upon man and small 
animals. The diuresis observed in these ponies bore a 
close resemblance to that observed by Bianca 156 following 
overhydration in cattle. The decreases in the specific 
gravity of the urine voided in the 10* hours immediately 
after water loading accord with the observation that high 
rates of urine voidance are commonly associated with low 
specific gravity values 
89 
. 
The influence of increases in body water upon the 
composition of urine does not appear to have been investi- 
gated in the horse, and such work appeared to have been 
confined to man and laboratory animals. In these species 
it has been shown that aldosterone secretion is reduced by 
body fluid expansion1654 Decreased proximal tubular 
absorption of sodium was observed in dogs following in- 
creases in extracellular fluid volume of approximately 
./166 
3)0 , and reduced renal tubular sodium reabsorption in 
man was also noted following volume expansion 
162 
In- 
creases in renal plasma flow have been shown to decrease 
net tubular sodium reabsorption'67 and increases in glomerular 
filtration rate were believed to be involved too 
162 
. Some 
or all of these sodium regulatory mechanisms may have been 
operative in the ponies. It was also possible that some 
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of the sodium administered in the form of sodium 
thiocyanate contributed to the sodium content of the urine. 
The reasons for the somewhat low urinary potassium 
excretion by three ponies are unknown. With the exception 
of one pony (MacGowan) a tendency towards an inverse 
relationship between renal sodium and renal potassium 
excretion was evident in the first 24 hours after water 
loading. This suggests that during diuresis sodium and 
potassium might compete for excretion. 
A relationship between the tubular reabsorption of 
sodium and inorganic phosphate has been demonstrated in 
dogsibS. Neither of the ponies whose urinary inorganic 
phosphate excretion increased after water loading showed a 
concurrent natriuresis. Furthermore, the pony who res- 
ponded to water loading with a significant natriuresis 
failed to show an increase in urinary inorganic phosphate 
content. Thus the relationship described by Fulop and 
Brazeaul6d did not appear to extend to the ponies under 
these experimental conditions. 
The lack of significant changes in urinary ammonium 
and urea excretion indicated that water loading had no 
effect upon these urine constituents. 
It was observed that the faeces voided after water 
loading appeared to possess a higher water content, and 
it is reasonable to suspect that the quantities of some 
constituents would also have altered twith the normal 
values. Such changes might therefore have been found to 
compensate for any changes observed in urine constituents. 
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Time did not permit a study of the effect of the rapid 
administration of 7.5 litres of water upon the water 
content, pH, and the cuantities of selected constituents 
of faecal fluids, which remain to be investigated on a 
future occasion. 
It was concluded that other than increasing the 
volume and decreasing the specific gravity of the urine 
subsequently voided, the effects upon the urine of these 
Ponies of a 7.5 litre water load were few, and not 
sustained. 
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SUIVARY OF SECTION No.3 
Plasma and "thiocyanate space" volumes were measured 
in the untreated ponies, with T-1824 dye and sodium thio- 
cyanate respectively. The approximate total quantities of 
selected constituents in plasma were calculated from the 
plasma volume and the mean concentrations of the plasma 
constituents. The plasma and thiocyanate space volumes 
were also measured immediately before and after the rapid 
administration of 7.5 litres of water by stomach tube. 
Plasma and thiocyanate space volumes were increased after 
the ponies had been water loaded. The percentage increases 
in the plasma volumes ranged from 1.4% to 8.59%0 and in the 
thiocyanate space volumes from 7.(»6 to 21.6%. 
The venous packed cell volume percentages and the 
concentrations of selected plasma constituents did not 
accurately reflect the degree of plasma volume expansion 
indicated by T-1824. Furthermore, the fluctuations showed 
little or no similarity between ponies. 
The volumes of urine produced during the 24 hours 
following water loading were significantly increased, and 
concurrent decreases in specific gravity were observed. 
After water loading there was a trend towards increased 
urinary sodium excretion in four of the five ponies, and 
in one pony the increase was highly significant. A trend 
towards a reduced urinary potassium output was observed, 
but this was statistically insignificant. Urinary inorganic 
phosphate excretion was highly significantly increased 
in two of the ponies. 
The possible physiological mechanisms effecting these 
changes are discussed. 
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SECTION No.4 
A STUDY OF SOME ASPECTS OF METABOLIC ACIDOSIS 




Although the state of metabolic acidosis in man has 
been extensively studied, no reference to a thorough in- 
vestigation of this disturbance in equine species was 
discovered. It is customary to base judgement of normal or 
abnormal acid/base status upon the pH of the blood53. A 
state of acidosis is deemed to exist when the pH of blood 
falls below the accepted lower limit of normality53. 
Acidosis may arise due to respiratory or non-respiratory 
causes, and in the latter case is commonly termed metabolic 
acidosis. In metabolic acidosis an excess of acid and/or 
a deficit of base is present 53 . 
The normal blood pH range has been well established 
in man 53 105 169 , but the same does not appear to be true 
for equine species. Tables No. 8, 9 and 10 in Section No.1 
of this thesis summarise the results obtained by other 
workers who have investigated equine blood acid-base para- 
meters, but it is evident from these results that large 
variations have been detected, such that no consistent 
ranges of normal values appear to have been widely adopted. 
By the standard of human values some of the results quoted 
in Table No.8 would be considered frankly acidotic. 
Few authors whose results are quoted in Tables 8, 9 
and 10 commented upon the significance of the :esults they 
obtained, though Littlejohn52 proposed that a pCO2 of 44 
mmHg be adopted as the normal mean venous pCO2 of horses, 
as opposed to the oft-quoted human mean pCO2 of 40 mmHg. 
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Because so many different methods of measuring bi- 
carbonate concentrations are in common use the comparison 
of various bicarbonate concentrations published is made 
difficult, if not impossible. 
No thorough study of the state of metabolic 
acidosis induced by the administration of acidifying agent 
to horses appears to have been reported, though two 
publications8 9 170 give details of the effect upon equine 
urine of the oral administration of acidifying salts. 
Piperno, Ellis, Getty and Brody 
170 
gave ammonium chloride 
at a dose rate of 60gs/10001bs (453.6 kg) body weight every 
four hours for approximately 60 hours, and they observed a 
reduction of 3 pH units in urine. Nicholson89 investigated 
the effects of sodium dihydrogen orthophosphate (100 g), 
calcium chloride hexahydrate (100g) and ammonium chloride 
(2 x 50g) upon the pH of the urine of small ponies. He 
discovered that ammonium chloride lowered the pH of the 
urine by approximately 2 pH units, whereas sodium dihydrogen 
orthophosphate produced no significant effect and calcium 
chloride hexahydrate only decreased urinary pH by circa 
one unit. None of these authors measured blood acid-base 
parameters. 
Metabolic acidosis was induced in Shetland and Shet- 
land cross ponies in order to observe changes in blood pH, 
p002 and serum bicarbonate concentration, and also to study 
concurrent changes in selected blood and urine constituents. 
The choice of the acidifying salt administered to induce 




chloride was duly selected. Because Nicholson89 had 
administered 100g over a six hour period it was 
anticipated that 50g of ammonium chloride daily for 
seven consecutive days would be adequate to induce 
acidosis without incurring any risk to the animal's life. 
This judgement was erroneous, as will become evident at 
a later stage, and for the second part of the experimental 
work a daily dose of 40g of ammonium chloride was 
administered for five consecutive days. 
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METHODS 
The experimental work was conducted in two separate 
parts, owing to a blood gas analyser not being available 
initially. The basic management of the ponies has already 
been described. 
During the first part of the work five Shetland and 
Shetland cross ponies were studied, but one of the ponies 
died during the course of an experiment. 
Throughout the times that urine was collected94 the 
ponies were confined to small stalls. At other times they 
were housed in looseboxes. 50g of ammonium chloride in 
aqueous solution was administered via a stomach tube for 
each of seven consecutive days. Immediately before the 
first dose was administered a blood sample was withdrawn 
from the jugular vein (see Section No.1, Part 1). After 
administration of the acidifying salt urine collection 
commenced. 
Blood sampling and ammonium chloride administration 
were undertaken at 10.00 hours. Blood sampling always 
preceded ammonium chloride administration. Hence, sub- 
sequent blood samples were collected at the end of the 
24 hour period following ammonium chloride administration. 
After Day 7 blood samples were only collected on alternate 
days, and after Day 11 one final sample was collected on 
Day 14. The daily food ration was supplied at 16.00 hours, 
and drinking water was available ad libitum throughout the 
entire experimental period. 
The techniques of blood collection and analyses have 
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already been described, (see Section No.1, Part 1). 
Packed cell volume percentage, and plasma sodium, potassium, 
chloride, inorganic phosphate and urea concentrations were 
measured in this part of the exPeriment. The ponies were 
permitted to stand down from the stalls on Day 5 because 
seven or eight days was considered too long a time to 
stand in the very close confines of the stall. They were 
taken to looseboxes as soon as they had received the 
acidifying salt, and were returned to the stalls the follow- 
ing day, before the next dose of ammonium chloride was 
given. 
Urine volume, pH, specific gravity and the sodium, 
potassium, chloride, inorganic phosphate, ammonium and urea 
content were measured using techniques described in 
Section No.1, Part 2, of this thesis. 
The second part of the experiment involved the study 
of four ponies. In view of the fact that the pony who died 
had a unilateral parotid fistula it was decided to exclude 
the other fistulated pony. This was in order to avoid 
administering ammonium chloride to a pony who might be 
abnormally susceptible to the effect of this acidifying 
agent owing to the loss of bicarbonate in saliva excreted 
from the fistulated duct55. Accordingly, four non-fistu- 
lated ponies were studied, three of which had been studied 
in the first half of the work. In a further effort to 
safeguard the animals from a fatal outcome the dose of 
ammonium chloride was reduced to 40g daily for each of 
five consecutive days. 
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The timing of blood sampling, ammonium chloride 
administration, urine collection and feeding was identical 
with that adopted for the first part of the study, but 
the duration of the experiment was shortened not only by 
administering ammonium chloride for five days instead of 
seven, but reducing the "follow up" period to four days 
instead of seven. As before, the ponies were allowed to 
stand down from the stalls on Day 5. 
Blood samples were subjected to pH and pCO2 
determinations, and serum bicarbonate concentrations were 
determined. The analytical methods employed were those 
described in Section No.1, Part 1. 
The volume and pH of urine samples were measured, 
and the net acid/base content was determined (see 
:3ection No.1, Part 2). 
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R:SULTS 
Because the number of ponies studied was small, and 
to avoid masking individual responses to ammonium chloride 
administration, the results from each pony are presented 
singly. The significance of the changes observed in 
the parameters examined is based upon the mean value and 
standard deviation for the parameters in the untreated 
individual (see Section No.1, Parts 1 and 2). A value out- 
with the normal mean + 2 standard deviations was considered 
statistically significant (p < 0.05) and a value outwith 
the normal mean + 3 standard deviations was considered 
highly significant (p < 0.01). 
During the first part of the experiment all the ponies 
showed some distress following the ingestion of ammonium 
chloride. Varying degrees of sweating, paddling movements 
of the limbs, increases in the respiratory rate, and 
dilation of the pupils were observed. Occasionally the 
ponies were noticed to stare and bite at their flanks. 
Towards the end of the week during which ammonium chloride 
was ingested, all ponies were observed to refuse part of 
the daily hay ration. 
The death of one pony on the 9th day of the first 
experiment was attributed to irreversible metabolic acidosis. 
The results obtained from the analyses of blood and urine 
samples from this pony over the preceding 8 days were 
excluded from the study because it was believed that some 
were influenced by parenteral therapy administered in an 
effort to correct the acidosis. 
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During the second part of the experiment three of 
the four ponies showed only mild transient distress. 
However, the fourth pony (MacGowan) was severely affected. 
pronounced muscular tremors, profuse sweating and signs 
suggestive of colic were observed. Hence, ammonium 
chloride administration to this pony was abandoned on the 
third day. He was returned to a loosebox and spontaneous 
recovery occurred. 
The results obtained from both parts of the experiment 
are presented in Tables 77 to 97. 
BEY TO THE SYMBOLS USED IN TABLES 77 TO 97 
Denotes a significant increase (p < 0.05) 
+ Denotes a highly significant increase (p < 0.01) 
4 Denotes a significant decrease (p < 0.05) 
x Denotes a highly significant decrease (p < 0.01). 
TABLE No.77 

































































Marked decreases in blood pH were observed in two of 
the three ponies who completed the experiment. It was 
noted that of these ponies, the one who appeared most dis- 
tressed after receiving ammonium chloride incurred the 
greatest decreases in blood pH. The third pony also 
exhibited lowered blood pH values, but the decreases were 
not statistically significant (p > 0.05). 
TABLE No.78 































































Decreases in blood pCO2 were observed in all three 
ponies who completed the experiment. The pony who exhibited 
the greatest decreases in pCO0 showed no significant 
decrease in blood pH. One pony exhibited an abnormally 
low pCO2 on one occasion only, three days after receiving 
the last dose of ammonium chloride. 
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TABLE No.79 




































































Highly significant decreases (p < 0.01) in serum 
bicarbonate were observed in all ponies, though the onset 
of these decreases did not always occur immediately, and 
neither were they invariably sustained. The maximum 
decreases in the serum bicarbonate concentrations of the 
ponies who each received the five daily doses of ammonium 
chloride were almost identical in magnitude. The pony who 
was withdrawn from the experiment exhibited an abnormally 
low serum bicarbonate concentration before he received 
any ammonium chloride. 
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TABLE No.80 




stration Scruffy Jimmie Billie Ben 
Before NH4C1 none 34.0 28.5 35.0 36.0 
Day 1 50g 37.0 26.5 33.0 37.0 















it 5 50g 33.5 24.04 37.0 34.0 
" 6 50g 35.5 26.04 38.0 38.0 
" 7 50g 35.5 25.54 35.5 34.5 
if 9 none 32.0 25.54 32.5 31.0 
'i 11 none 33.0 24.5¢ 32.5 32.5 
il 14 none 32.0 25.54 34.5 34.0 
Though the packed cell volume percentage of one pony 
(Jimmie) was abnormally low from day 2 onwards the 
differences between these values and the one obtained 










stration Scruffy Jimmie Lillie Ben 
Before NH 
4 
C1 none 133 135 133 130 
Day 1 50g 133 133 1254 128 
11 2 n 50g 133 126 131 133 
2 3 50g 128 130 128 130 
11 4 50g 133 133 130 130 
it 5 50g 133 134 133 133 
Tt 6 50g 130 1234 128 128 
tt 7 50g 130 1234 1254 130 
11 
. 9 none 133 130 130 127 
tt 11 none 133 130 1254 127 
14 14 none 133 130 133 129 
Transient falls in plasma sodium concentration were 
observed in two of the four ponies studied. 
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TABLE No.82 




stration Scruffy Jimmie Billie Ben 
Before NH4C1 none 4.20 4.50 4.10 3.40 
Day 1 50g 2.10x 4.40 4.20 3.90 














5 50g 4.00 4.20 4.30 2.80 
If 6 50g 2.304 4.00 4.50 2.304 
It 7 50g 4.10 4.40 3.60 3.90 
n 9 none 4.40 4.40 4.40 3.20 
11 11 none 3.20 4.60 3.70 3.50 
n 14 none 3.00 5.00 4.30 3.90 
The plasma potassium concentration of two ponies 
exhibited transient decreases during the period of ammonium 
chloride ingestion 
TABLE No.83 















Day 1 50g 92x 99 98 98 
It 2 50g 954 102 103 100 
IT 
3 50g 944 96 102 93 
It 4 50g 106 
* 
101 104 101 
tt 5 50g 100 101 100 104 
Ty 6 50g 103 104 98 103 
,I 7 50g 99 103 106* 99 
It o 9 none 954 94 98 99 
n 11 none 954 98 100 101 
It 14 none 102 98 104 97 
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The plasma chloride concentrations of two ponies 
exhibited significant but dissimilar changes. A signifi- 
cant increase in the plasma chloride concentration of one 
pony (Billie) was observed on day 7. The other pony 
(Scruffy) commenced the experiment with an abnormally low 
plasma chloride concentration, which increased until, on 
day 4, it was abnormally high. Thereafter the plasma 
chloride concentration decreased until, on days 9 and 11, 
it was abnormally low again. At the conclusion of the 
experiment the level of this plasma constituent vas normal. 
TABLE No.84 
THE EFFECT OF ATSIONIUM CHLORIDE UPON PLASMA INORGANIC, 





stration Scruffy. Jimmie 
Before NH 
4 
C1 none 3.98 3.13 2.93 3.47 
Day 1 50g 2.85 3.05 2.40 3.12 
TV 2 50g 2.29 2.73 2.38 3.21 
3 50g 2.61 3.18 3.52 3.05 
TT 4 50g 2.31 3.28 3.14 3.00 
IT 5 50g 3.00 2.99 2.58 3.45 
6 50g 3.40 3.02 3.52 2.95 
tt 7 50g 3.63 2.09 3.83 3.39 
IT 9 none 3.09 3.23 0.99x 3.04 
11 none 3.63 4.14 4.48* 2.77 
14 none 2.59 3.37 5.37+ 3.86 
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Changes in the plasma inorganic phosphate concen- 
trations of one pony were observed but these changes all 
occurred after the cessation of the ammonium chloride 
ingestion. 
TABLE No.85 
THE EFFEC T OF AMMONIUM Cci ORIDE UPON PLASMA U--.RE A CONCEN- 
TRATION (mg urea/100 ml) .,.._...__ 
NH4Cl 
Admini- 
stration Scruffy Jimmie Tillie Len 
Before NH4C1 none 33.5 107.0` 34.0 35.5 
Day 1 50g 50.2* 107.0+ 30.5 48.9 
n 2 50g 44.6 82.8* 30, 53.3* 
" 3 50g 72.5+ 49.4 30.1 55.9* 
" 4 50g 62.8+ 78.2 28.2 53.3 
n 5 50g 54-.4+ 111.0+ 37.7 75.8+ 
it 6 50g 48.7- 111.0+ 37.5 
* 
57.9 
7 50g 26.4 145.0+ 49.4 39.5 
" 9 none 20.8 93.8+ 29.1 38.8 
" 11 none 20.8 60.8 24.3 45.4 
14 none 22.2 60.3 24.5 29.0 
Three ponies exhibited large increases in plasma urea 
concentrations. Although one of the three (Jimmie) 
commenced the experiment with an abnormally high plasma 
urea level, further increases were observed during days 5, 
6 and 7, and the plasma urea concentration of this pony 
did not return to within normal limits until after day 9. 
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Elevations in the plasma urea concentration of these 
ponies shoved no close correlation with the urinary urea 
content, and neither did the times of maximum plasma 
urea concentrations coincide with those of maximum urinary 
loss. 
TABLE No.86 





Scruffy Jimmie Billie Ben 
Day i 50g 5510 5270 3960 6160 
u 2 50g 6960 4330 4220 3670 
H 3 50g 4250 4110 2850 3820 
4 50g 3930 5300 4280 4280 
li 5 50g Urine not collected 
11 6 50g 5210 4000 3010 3480 
7 50g 6490 5160 2830 4460 
u 8 none 5910 2490 2410 2310 
u 10 none 3990 3110 1460 2370 
u 12 none 4660 2750 560 4 2880 
u 14 none 3420 3890 2300 2750 
During the period of daily administration of 50g of 




















































During the ingestion of 40g of ammonium chloride/day 
the urine volume voided by Jimmie on day 1 and the urine 
volumes voided by Ben on days 1, 2 and 4 were markedly 
increased above normal. 
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TABLE No. 8E 
THE EFFECT OF AMMONIUM CHLORIDE UPON URING SPECIFIC GRAVITY 
NH4C1 
Admini- 
stration Scruffy Jimmie Billie Ben 
Day 1 50g 1.016 1.016x 1.029 1.016 
2 50g 1.013 1.026 1.022 1.028 
3 50g 1.021 1.024 1.030 1.027 
It 4 50g 1.019 1.017x 1.023 1.026 
5 50g Urine not collected ----- 
6 50g 1.018 1.023 1.021 1.027 
7 50g 1.016 1.016x 1.030 1.022 
8 none 1.011 1.028 1.029 1.037 
10 none 1.023 1.032 1.042 1.037 
tt 12 none 1.021 1.026 1.039 1.038 
14 none 1.033 1.027 1.034 1.042 
Decreases were observed in the specific gravity of 
the urine voided by Jimmie on days 1, 4 and 7. The 
decreases corresponded with the three greatest volumes of 
urine voided/24 hours by this pony during this first part 
of the experiment. 
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TABLE No.89 
THE EFFECT OF AMMONIUM CHLORIDE UPON URINE pH 
Ben 
NH Cl 4 
Admini- 
stration Scruffy Jimmie Billie 
Day 1 50g 9.00 9.05 7.204 8.95 
ti 2 50g 8.60 7.454 8.15 7.154 
t: 
5 50g 8.75 8.40 8.00 7.4071 
t? 4 50g 8.80 8.45 8.10 7.30 
IT 5 50g ----- Urine not collected --- 
It 6 50g 8.55 0.75x 8.30 7.85 
It 7 50g 8.00 ,9.10 7.254 
n 8 none 8.45 6.35x 7,90 7.254 
It 10 none 8.75 8.45 8.90 8.80 
rt 12 none 7.75 8.90 8.90 8.95 
u 14 none 8.65 8.85 8.95 8.80 
The pH of all urine samples collected during both 
parts of the experiment was measured. During the first 
part of the experiment the urine samples from one pony 
showed no significant changes in pH. The pH of urine 
samples voided by the other three ponies was decreased 
at various times during days 1 to 8, and all three produced 
acid urine on two or more days. 
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TABLE No.90 




stration Jimmie Billie Ben 
Day 1 40g 8.65 8.20 7.354 7.70 
o 2 40g 7.55 7.154 7.204 7.65 







7.154 5.85x 6.90x 
Urine 
- 
---- not collected ----- 







8.45 8.20 8.65 
8.65 8.15 8.80 
- 
- 
During the daily administration of 40g of ammonium 
chloride changes in urine pH were similar to those observed 
when a higher dose of ammonium chloride was ingested. 
TABLE No.91. 
========;01.17"0=======THEEFFECTOFATIMONIUNTHENETACIDEASE 
CONTENT OF URINE (mEq/24 hours) ================ 
NH4C1 
Admini- 
stration Jimmie Billie Ben MacGowan 
Day 1 40g 105 504 55's 12 
It 2 40g -5671 28x -108x -30 
tf 3 40g -118x 
_3x _673x - 
H 4 40g -137x -52x -43x - 
It 5 40g Urine not collected ----- 
ff 6 none -754 183 454 - 
ff 8 none -54 228 287 - 
It 10 none 294 411 446 - 
N.B. - Denotes the excretion of net acid. 
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The pattern of renal net acid/base excretion was 
similar in all ponies. Following the first dose of 
ammonium chloride the quantity of base excreted was low. 
After receiving the second dose of ammonium chloride three 
ponies excreted acid, whilst the fourth exhibited a further 
reduction in base excretion. From day 3 the three ponies 
who continued the experiment all excreted net acid until 
ingestion of the salt ceased. Though one pony excreted 
acid on days 6 and 8, the other two reverted to base excre- 
tion on day 6 onwards. It was noted that renal net acid 
excretion occurred on some occasions when the urine pH was 
alkaline, and conversely net base was sometimes excreted 
in urine where the pH was acidic. When acid was added to 
aliquots of urine which had been voided after the ponies had 
received ammonium chloride little or no frothing was observed. 
It was assumed that this indicated either a great reduction 
in, or the absence of, bicarbonate 95 . 
TABLE No.92 




URINE (mEq/24 hours) 
Jimmie Billie Ben Scruffy 
Day 1 50g 187 501+ 319+ 28 
+ 
7 
2 50g 557+ 165 422+ 349* 
3 50g 790+ 144 254+ 254 
4 50g 197 424+ 526+ 342* 
5 50g Urine not collected ----- ----- 
6 50g 443+ 192 211 331* 
7 50g 3444' 377+ 65 223 
none 30 37 24 32 
10 none 32 39 15 4 71 
12 none 182 63 64 78 
* 14 none 41 324 41 63 
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Large increases were observed in the sodium content 
of the urine voided by the ponies on many, but not all, the 
days during the time that ammonium chloride was ingested. 
Immediately ammonium chloride ingestion ceased urinary 
sodium decreased. Following this rapid decrease urinary 
sodium remained low for varying periods of time, but it 
had begun to increase by the end of the experiment. The 
sodium content of the final urine sample obtained from one 
pony (Jimmie) was abnormally high. 
- TABLE No.93 
THE EFFECT OP AMMONIUM CHLORIDE UPON THE POTASSIUM CONTENT 
OF URINE (mEq/24 hours) 
NH4C1 
Admini- 
stration Scruffy Jimmie Billie Ben 
Day 1 50g 937 843 990 710 
fl 2 50g 635 1212 675 881 
3 50g 978 1069 713 850 
4 50g 629 901 685 792 
u 5 50g not collected - Urine 
6 50g 782 920 482 760 
7 50g 779 851 736 847 
8 none 590 685 506 739 
H 10 none 998 1306 642 
12 none 932 935 2134 1049 
14 none 787 615 805 1375 
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No significant changes in the urinary potassium 
content were observed during ammonium chloride admini- 
stration. The low result obtained from Billie on day 12 
coincided with a very small volume of urine voided. 
TABLE No.94 


























































The ponies excreted very large quantities of chloride 
on most of the days on which they received ammonium chloride. 
After day 7 the chloride content of all 24 hour urine 
samples was normal, with the exceptions of the sample voided 
by Scruffy on day 8, and by Billie on day 12. The reduced 
chloride excretion by Billie coincided with an abnormally 
low volume of urine voided. 
THE EFFECT OF 
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TABLE No.95 
MONIUM CHLORIDE UPON THE INORGANIC PHOSPHATE 




































































Urinary inorganic phosphate excretion as increased 
at various times during ammonium chloride ingestion. Two 
ponies also excreted unusually large amounts of inorganic 
phosphate on day 8, and another pony likewise excreted 
an excessive quantity of inorganic phosphate on day 12, 
but a general trend towards a return to normal when 
ammonium chloride administration ceased was evident. 
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TABLE No.96 
THE EFFECT OF AMMONIUM CHLORIDE UPON THE AMMONIUM CONTENT 
OF URINE (mEq/24 hours) 
NH4C1 
Admini- 
stration Scruffy Jimmie Billie Ben 
Day 1 50g 591+ 485* 144 719+ 
is 2 50g 431 296 223 329 
ss 3 50g 536* 
* 
529 212 384* 
ss 4 50g 356 358 420 380 
il 5 50g Urine not collected ----- ----- 
Is 6 50g 421 238 462 610+ 
Is 7 . 50g 287 701+ 294 483* 
Is 8 none 300 204 320 224 
ff 10 none 218 222 214 313 
Is 12 none 191 220 70 390 
tf 14 none 240 2.4 262 235 
Three ponies exhibited marked increases in urinary 
ammonium excretion during the time they received ammonium 
chloride. Within 24 hours of the cessation of ammonium 
chloride ingestion the urinary ammonium content returned 




THE EFFECT OF AHMONIUM CHLORIDE UPON THE UREA CONTENT OF 




stration Scruffy Jimmie Billie Ben 
Day 1 50g 25.3 30.9 52.0 16.3 
2 50g 34.6 54.1 43.9 46.1 
1,1 3 50g 35.6 43.0 39.8 49.0 
4 50g 55.8+ 47.1 48.3 50.7 
it 5 50g Urine not collected - - 
6 50g 43.54 44.9 30.3 52.5 
u 7 50g 40.4 32.9 59.7 45.9 
8 none 28.0 31.7 55.9 36.5 
u 10 none 22.4 30.3 22.0 31.0 
12 none 27.4 13.1 6.44 30.4 
14 none 28.0 12.8 19.0 22.8 
All the ponies excreted large quantities of urea 
during ammonium chloride ingestion, but the increases 
were only significant in two ponies. The unusually small 
quantity of urea excreted by Billie on Day 12 coincided 
with an abnormally low 24 hour urine volume. 
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DISCUSSION 
A judgement of acidosis is normally based solely upon 
the pH of blood53, though plasma or serum bicarbonate con- 
centrations and pCO2 also show characteristic changes 
during acid/base disturbances. Because the normal range 
of equine venous blood pH does not appear to have been 
satisfactorily established, judgement of normality or 
abnormality was based upon the values of the acid/base 
parameters measured in the untreated ponies (see Section 
No.1 Part 1, Tables 19,20 and 21). 
From the results of the blood pH determinations it 
was concluded that ammonium chloride, administered, at e 
dose rate of 40g daily for five days, induced varying 
degrees of metabolic acidosis in these ponies. Respiratory 
compensation53, typified by decreases in pCO2 concurrently 
with reduced plasma bicarbonate concentrations, minimised 
the pH changes, and in the case of one pony (Ben) was 
effective in maintaining blood pH within normal limits 
throughout the investigation. The pony who exhibited no 
significant decreases in pCO3, during days 1 to 5 showed 
the most severe acidosis. 
In addition to the bicarbonate/carbonic acid buffer 
system other blood buffers were Probably involved 
53 171 
The phosphate buffer system will be discussed at a later 
stage. Had a blood gas analyser been available when 50g 
of ammonium chloride was given for seven days, acid-base 
parameters could have been investigated simultaneously with 
plasma electrolytes,which would have made more meaningful 
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comparisons possible. Failing this identical doses of 
ammonium chloride in each experiment would have been 
preferable, but for reasons already stated this was 
considered unsafe. Haemoglobin and plasma proteins were 
also believed to contribute substantially to blood 
buffering of the acid load 171 . 
One pony (Jimmie) began the experiment with a low 
packed cell volume percentage, and although further de- 
creases were observed fluctuations were not substantially 
greater than those observed in the packed cell volume 
percentages of the other ponies. Hence it was concluded 
that no significant changes which could be attributed to 
ammonium chloride ingestion occurred in the packed cell 
volume percentage of these ponies. 
Despite heavy urinary sodium losses during the times 
the ponies were receiving ammonium chloride, there were 
few decreases in plasma sodium concentrations. The 
decreased plasma sodium concentration which was observed 
after the administration of the first 50g of ammonium 
chloride to one pony (Billie) may have indicated initial 
difficulty in plasma sodium regulation following a very 
large urinary sodium loss. Because the plasma sodium 
levels of two ponies showed no change, and only inter- 
mittent changes were observed in the other two ponies, it 
was concluded that sodium concentrations in plasma were 
maintained at the expense of sources elsewhere in the body. 
Two sources of sodium which might have been drawn 
upon are bone and intestinal fluid 
23 172 
. Though the sodium 
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content of the faecal fluids of these ponies was shown to 
be low (see Section No.1, Part 3) Alexander 23 demonstrated 
that the liquor in the equine small intestine and caecum 
had a sodium concentration only marginally lower than that 
in the plasma of these ponies. In view of the volume of 
the equine digestive tract93, this represents a considerable 
quantity of sodium. Moreover, Burnell and Teubner172 
showed that the sodium content of tibial cortical bone of 
dogs decreased when the dogs were maintained over 5-10 days 
in a state of metabolic acidosis. If tibial cortical bone 
typifies that from other sites, and if this decrease also 
occurs in equine animals, then bone and intestinal liquor 
are two likely sources of sodium under conditions of negative 
sodium balance. Faecal fluid analyses were not undertaken, 
but since most of the sodium in the intestinal tract is 
absorbed cranially to the rectum23 the results of such 
analyses may not have been especially valuable. The sharp 
fall in urinary sodium following the cessation of ammonium 
chloride ingestion suggested that the body reserves of 
sodium were being restored. 
No reference to the effect of metabolic acidosis upon 
plasma potassium concentrations in the horse was discovered, 
but metabolic acidosis in man and dogs is usually associated 
with an elevated plasma potassium level 
53 173 174 175 176 177 
When dogs were used in acute experiments hyperkalaemia was 
noted as blood pH decreased 
174 175 176 regardless of whether 
the acidosis was metabolic or respiratory in origin. The 
rise in plasma potassium concentrations was followed by an 
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increased urinary output 175 . Simmons and Avedon 177 
using dogs, were able to demonstrate that a decrease of 
one pH unit in blood was accompanied by a rise of 3.0 to 
5.0 mEq/1 in the plasma potassium level. However, fluc- 
tuations in serum (and presumably plasma) potassium concen- 
trations do not necessarily indicate changes in total body 
potassium, since potassium is chiefly an intracellular 
ion53. 
The equine diet is potassium rich97 and urinary 
potassium represents the excretion of excess 
86 
, so the 
possibility of a dietary potassium deficiency was disregarded 
as a cause of the failure of the plasma potassium concen- 
trations of the ponies to increase during acidosis. Because 
only transient decreases in the plasma potassium concen- 
trations were observed in two of the four ponies studied it 
was concluded that ammonium chloride ingestion and the 
resulting acidosis had no profound effect upon the plasma 
potassium levels of these ponies. However it is not known 
whether the failure of the potassium levels to rise was a 
feature of the equine species or whether it was peculiar 
to this group of ponies. It was not considered safe to 
increase the dose of ammonium chloride for further investi- 
gations. 
The overall lack of significant elevations in plasma 
chloride concentration was unexpected530 both in view of 
the clinical and biochemical signs indicative of metabolic 
acidosis, and in view of the fact that a high dose of 
ammonium chloride was administered. The increase in urinary 
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chloride was considered evidence of the absorption of a 
large part of the dose, 50g of ammonium chloride contains 
935 mEq of chloride), but obviously these ponies were able 
to regulate chloride absorption in such a manner that the 
plasma chloride concentration almost invariably remained 
within normal limits. 
It was not known why Scruffy exhibited large fluctu -. 
ations in plasma chloride concentration, 'which was abnormally 
low at the commencement of the experiment. Doubtlessly 
the ingestion of ammonium chloride caused the sudden increase 
observed on day 4 but it is difficult to understand why 
this increase did not occur at an earlier stage in the 
experiment. The reason for the decrease below normal of the 
plasma chloride concentration during days 9 and 11 was not 
understood. It was unfortunate that serum bicarbonate 
concentrations were not measured concurrently with plasma 
chloride concentrations as this would have indicated whether 
or not reciprocal variations in bicarbonate occurred178 179 
The ingestion of 50g of ammonium chloride for seven 
consecutive days produced no changes in the plasma inorganic 
phosphate concentrations of these ponies during this time. 
However, since phosphate is principally an intracellular 
ion53, it is possible that changes in intracellular concen- 
trations occurred which were not reflected by simultaneous 
fluctuations in plasma levels. Doubtlessly plasma inorganic 
phosphate was involved in the buffering of the acid load 
imposed upon the ponies by ammonium chloride assimilation, 
but since buffering by phosphate is effected by changes in 
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the proportion of mono- and .i-hydrogen phosphate ions53 
106 this alone would not change the concentration of 
phosphorus. 
The abnormal levels of plasma inorganic phosphate in 
Billie on days 9, 11 and 14 could have arisen due either to 
a degree of phosphate depletion followed by repletion or 
a disturbance in phosphate movement into plasma. Though 
the plasma levels were maintained within normal limits 
during ammonium chloride ingestion, increased urinary 
inorganic phosphate excretion continued after ammonium 
chloride ingestion ceased. It is possible that the low 
plasma concentration on day 9 resulted from the previous 
large phosphate loss in urine. When urinary loss decreased 
sharply on day 10 the very pronounced increase in plasma 
inorganic phosphate could have been caused by an abrupt 
swing from negative to positive phosphate balance. It 
appeared that normal phosphate balance had still not been 
attained by this pony by day 14. Nevertheless, it was 
concluded that these ponies were capable of maintaining 
normal plasma inorganic phosphate concentrations during the 
period of ammonium chloride ingestion, despite large in- 
creases in urinary phosphate excretion. 
The increases in the concentrations of plasma urea 
shown by three of the four ponies during the time they 
received ammonium chloride were attributed to the conversion 
to urea of the ammonia component of the salt and the sub- 
sequent circulation of the urea so formed". One of the 
ponies began the experiment with an abnormally high plasma 
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urea level, for which no explanation is forthcoming. 
Nevertheless the plasma urea concentration of this pony 
increased further throughout the course of ammonium chloride 
administration. 
One of the four ponies failed to show any significant 
increase in plasma urea concentration. It was believed that 
this could be due to a more rapid metabolism of ammonium 
chloride by this pony, and a faster excretion of the excess 
urea produced. Thus, by the time the blood sample was 
collected twenty-four hours after ammonium chloride admini- 
stration, the blood urea concentration would have reverted 
to a normal level. From the clinical signs exhibited by 
the ponies ammonium chloride was judged to exert its 
maximum effect between approximately l to 4 hours after 
ingestion. Had blood sampling been undertaken during this 
time it is probable that greater changes in plasma urea 
concentrations than those detected in samples collect- 
ed 24 hours after administration of the salt would have 
been detected. 
Because the volumes of urine voided by the ponies were 
unaffected by ammonium chloride at the higher dose rate, 
and since only two ponies produced significantly more 
urine0 hours on a few occasions after receiving lower 
doses of ammonium chloride, it was concluded that diuresis 
was not a major effect of ammonium chloride ingestion by 
these ponies. Nevertheless these ponies were able to 
excrete very large quantities of sodium and chloride despite 
no consistent substantial increases in urine volume. Thus 
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the ponies differed from man in their response to this 
substance 53 . 
Spc,cific gravity measurements were only performed 
upon the urine produced following the administration of 
ammonium chloride at the higher dose rate, and only one 
pony showed evidence of significant decreases in urinary 
specific gravity. These decreases were observed in the twenty- 
four hour urine volumes which, though not significantly 
elevated, were higher than the pony customarily produced. 
This accords with the observation (see Section No.1, Part 
2) that the higher the volume of urine produced, generally, 
the lower the specific gravity 
89 
. 
In the context of this work urine pH was considered 
acid when it was lower than blood pH, and alkaline when it 
was greater than blood pH. Three ponies received ammonium 
chloride at both dose rates and all voided urine with signifi- 
cantly lower pH values, though not all 24 hour samples 
exhibited this pH fall, and not all the abnormally low pH 
values were actually acid. The pony who was withdrawn 
from the second part of the experiment showed a trend to- 
wards a decreased urine pH, though the decreases were not 
statistically significant. The pH of the urine voided by 
Scruffy showed virtually no change throughout the time he 
received ammonium chloride and the reason for this pony 
differing from the others is unknown. However, this pony 
might have excreted acid via the parotid salivary duct 
fistula. 
The results listed in Tables 90 and 91, showed that 
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net acid was excreted on some days when the urine pH was 
alkaline, and net base on other days when the urine pH 
was acid. It was concluded, therefore, that the acid 
base status of the urine was a better indication of the 
acid base status of the animal, and the renal response to 
acid loading, than the urinary pH value, which is greatly 
influenced by the urine buffers53 105 
love 
The evidence for a degree of respiratory compensation 
occurring in addition to renal acid excretion53 
171 has 
already been presented. Had the acid load been excreted 
solely via the kidneys greater quantities of acid in the 
urine would have been expected. 
From the very large increases in urinary sodium 
excretion observed during days 1 to 7 it was concluded that 
ammonium chloride was effective in inducing natriuresis. 
Furthermore, natriuresis occurred without a concurrent 
diuresis. Variations in the time and frequency of 
micturition could have been partly responsible for the 
fact that not every urine sample contained abnormally large 
amounts of sodium. It was deduced from the estimated daily 
sodium intake (see Section Ido.1), and the measured urinary 
output, that the ponies were almost certainly in negative 
sodium balance throughout most of the first seven days of 
the experiment. 
From day 8 onwards, when the body reserves of sodium 
were being replenished, the ponies were believed to be in 
positive sodium balance. The marked increase in urinary 
sodium output exhibited by Jimmie on day 14 suggested that 
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over-compensation of the sodium deficit had occurred, and 
that the pony had still not attained a steady state of 
sodium balance. 
This phenomenon of sodium conservation, accompanied 
by an initial over-compensation has also been recorded in 
man 179 The possible sources of sodium drawn upon during 
the time when urinary sodium excretion greatly exceeded the 
calculated intake have already been described and dis- 
cussed 23 172 
The decrease in urinary potassium output by one pony 
during the 12th day of the experiment was attributed 
chiefly to the very low volume of urine produced at that 
time. Metabolic acidosis in man is normally associated 
with hyperkalaemia and a concurrent increase in renal 
179 potassium excretion53 , though in sheep, intraruminal 
infusion of hydrochloric acid was observed to produce no 
change in urinary potassium excretion 98 . 
Although there were no significant changes in the 
potassium content of urine voided during ammonium chloride 
ingestion, a general trend was towards decreased urinary 
potassium loss, especially near the end of the period of 
ammonium chloride administration, was evident. The 
refusal of part of the daily hay ration, which reduced the 
dietary potassium intake, especially around the times that 
the lower urinary potassium values were noted was believed 
to be responsible for this trend. It was not known whether 
the potassium content of faecal fluid was also reduced. 
The highly significant increases observed in the 
urinary chloride content were undoubtedly caused primarily 
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by the excretion of the chloride component of the 
acidifying salt53. Nicholson89 discovered increases in 
the urine chloride content after the administration to 
ponies of both ammonium chloride and calcium chloride. 
Since 50g of ammonium chloride contain 935 mEq of 
chloride, the results listed in Table No.94, when compared 
with those pertaining to normal urinary chloride excretion 
by these ponies (see Table No. 29, Section No.1, Part 2) 
suggest that not all the chloride administered was 
excreted in the urine. The analyses of faecal fluids 
during this work might have revealed an increase in 
chloride content, and this would represent any increased 
secretion of chloride into the gut in addition to unabsorbed 
chloride. Increased urinary chloride excretion is a feature 
of metabolic acidosis in man even if the condition was not 
induced by the ingestion of a chloride salt53. However, 
the return of the urinary chloride e- cretion to normal 
quantities preceded the rise to normal of urine pH in two 
of the ponies, and no relationship between urine pH and 
chloride excretion was apparent. 
During the daily ingestion of 50g of ammonium chloride, 
very substantial increases in urinary inorganic phosphate 
excretion were observed which, with the exception of one 
pony, returned to normal levels within twenty -four hours 
of the last dose. Plasma inorganic phosphate concentrations 
at this time were not significantly changed. It was 
obvious that ammonium chloride was able to evoke large 
increases in urinary phosphate content, and though its 
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buffering action could not be proved simply by estimating 
the inorganic phosphate content of urine it was deduced 
that buffering was taking place 
98 106 182 183e 
Other 
authors have described increases in urinary phosphate 
excretion under similar conditions in other species173 179 
183 
. Christensen 183 , stated that during increased phosphate 
excretion dogs and humans are in negative phosphate balance. 
Sartorius, Roemmelt and Pitts 179 observed that in man, as in 
these ponies, an increase in urinary inorganic phosphate 
occurred without any increase in phosphate level of plasma, 
and they deduced that the source of the phosphate was intra- 
cellular. Fuiop and Brazeau 
168 
, working with dogs, dis- 
covered that the tubular reabsorption of sodium influenced 
that of inorganic phosphate and hence increases in the 
renal excretion of sodium were accompanied by increases in 
renal inorganic phosphate excretion. Though their dis- 
covery might be relevant to the observations that in the 
ponies the renal excretion of both sodium and inorganic 
phosphate was increased by ammonium chloride ingestion, 
the times when the urinary inorganic phosphate content was 
abnormally large frequently did not coincide with increases 
in the urinary sodium content. Furthermore, renal sodium 
excretion returned to within normal limits before the renal 
inorganic phosphate excretion of two ponies decreased. 
Though the increased inorganic phosphate excretion exhibited 
by Scruffy on day 12 coincided with a 24 hour sodium 
excretion greater than the mean value, a concurrent decrease 
in pH also occurred. Hence it seemed unlikely that high 
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sodium excretion alone was responsible for the increased 
loss of inorganic phosphate. 
The work of Burnell and Tetbner 172 has already been 
described in connection with the investigations of other 
electrolyte changes, but at this point it is worthy of note 
that they found no significant change in the phosphate 
content of the bone samples they analysed, which were 
removed from acidotic dogs. Obviously this need not 
apply to other species, and changes in the inorganic 
phosphate content of bone might vary with the severity and 
duration of the acidosis. 
However, in view of the work of Burnell and Teubner 172 
and the discovery of the large quantities of inorganic 
phosphate normally lost in the faecal fluids of these 
ponies (see Section No.1, Part 3, Table No.51 and Appendix 
No. 3 (xiv)) it was considered possible that much of the 
phosphate lost during and immediately after ammonium chloride 
ingestion could have been ultimately derived from intestinal 
fluid. Even when urinary phosphate excretion was greatest 
it was only equal to approximately one quarter of the mean 
faecal loss from the untreated pony. whether or not the 
Denies were in negative phosphate balance at the time of 
maximum urinary phosphate output was not known, since 
neither the dietary intake nor the faecal loss were measured. 
It was concluded that though the urinary inorganic 
phosphate content might have been influenced by renal sodium 
excretion 
168 it was probable that the acid load imposed 
upon the ponies exerted the major influence. 
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Although significant increases occurred in the urinary 
ammonium content of three out of the four ponies, these 
increases were not so pronounced, nor so sustained, as 
the increases in urinary phosphate excretion. This obser- 
vation contrasts with the observations of workers who have 
studied the effects of metabolic acidosis in other species 98 
179 184 185 
. In sheep the urinary ammonium excretion after 
intraruminal hydrochloric acid infusion was approximately 
equivalent to the acid infused 98 . 
It has been noted in man that increases in urinary 
ammonium occurred within 4 hours after the ingestion of an 
acidifying salt 173 , but since the urine analysed in the 
course of this work with the ponies consisted of aliquots 
of samples collected over longer periods it was not 
possible to detect whether it occurred with equal rapidity 
in these animals. 
The administration of a constant ammo ium chloride 
load to rats resulted in a progressive increase in renal 
glutaminase activity, which was closely paralleled by a 
similar increase in ammonium excretion 
184 
. Renal gluta- 
minase in rats was the subject of a study by Longshaw and 
Pogson 186 . They hypothesised that the stimulation of 
gluconeogenisis by acidosis might reduce total glutamate - 
which was reputed to inhibit glutaminase activity - and 
thereby stimulate glutamine breakdown by glutaminase to 
Produce ammonia. 
Goldberger53 and Rector et al. 
184 
proposed that the 
increase in urinary ammonium excretion served two functions, 
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namely buffering and sodium conservation. 
If these discoveries are applied to the observations 
made upon the ponies, several important issues arise. ':pith 
the exception of one pony who showed highly significant 
increases in urinary sodium excretion but no significant 
change in ammonium excretion, an inverse relationship 
between sodium and ammonium excretion was not apparent. 
Though the ammonia buffering system apparently assumes 
great importance in the urinary excretion of acid in man53 
179, in these ponies the phosphate buffer system appeared 
to have been the more active of the two buffers. '::-hy 
ammonium excretion was not consistently elevated during 
ammonium chloride acidosis cannot be answered by the data 
obtained. The dose of the salt given was sufficient to 
induce acidosis. No information upon the levels of glutamine 
and glutaminase in equine kidneys was discovered, but the 
possibility that the glutamine and glutaminase contents of 
the kidneys of these ponies, if not those of all equine 
animals,were low, cannot be disregarded. If inorganic 
phosphate is readily available for renal excretion this 
would likely take precedence over ammonium excretion, 
especially if renal glutamine and /or glutaminase levels 
are low. 
Since no preservative was added to the urine samples 
the production of ammonium by urea splitting could have 
occurred. This =could have resulted in high estimations 
of ammonium excretion, and so the chance that urinary 
ammonium was underestimated was disregarded. 
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50g of ammonium chloride contains 13.1g of nitrogen 
which in turn can be incorporated into approximately 28g 
of urea. This quantity of urea is roughly equivalent to 
twice the standard deviation of the ponies' mean daily 
urinary urea excretion. Hence, unless the excretion of 
urea from sources other than ammonium chloride exceeded 
the normal mean value the superimposition of urea derived 
from ammonium chloride would not increase the daily urinary 
output beyond the normal mean plus two standard deviations. 
Therefore the increase would not be considered significant. 
This could be the reason for the increases being found 
statistically significant only in the two ponies with the 
smallest standard deviations of the control means. 
It was concluded that in these ponies, as in man53, 
urinary urea excretion was increased during ammonium chloride 
loading, by the metabolism of the ammonium cation to urea. 
Three factors which could have influenced the urinary 
urea content after ammonium chloride ingestion are failure 
to absorb all the ammonium chloride from the gut, retention 
of urea within the body, and urea splitting. It was not 
possible during the course of this experiment to determine 
whether or not all the salt was absorbed, but failure to 
absorb all the ammonium chloride would result in the 
formation of less than 28g of extra urea. Though plasma 
urea concentrations were increased, an increase of 50mg 
urea /100ml of plasma in a pony whose plasma volume was 
approximately 5 litres (see Section No.3) represents a total 
increase of about 2.5g of urea in the plasma. However, urea 
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diffuses freely between intra- and extraceilular fluids29, 
so that far more than 2.5g could be retained. If urea was 
retained twenty-four hours or longer after ammonium chloride 
ingestion the urinary urea content of a sample could be 
lower because of this. In view of the magnitude of daily 
urinary urea output, and the observation that only in one 
pony was the elevation in plasma urea concentrations both 
profound and prolonged beyond the seventh day of the 
experiment, it was concluded that severe urea retention was 
not likely to have occurred in these ponies. Hydrolysis of 
urea in the urine samples, with the consequent formation of 
ammonium has already been discussed. The complete 
hydrolysis of one gram of urea yields circa 33 mEq of 
ammonium. The possibility of this process having occurred 
between the times of urine being voided and the commencement 
of analysis cannot be disregarded as a source of a positive 
error in the estimated ammonium excretion, and a negative 
error in estimated urea excretion. The addition of a 
preservative to the collecting bottles in order to prevent 
urea splitting would have enabled more accurate determin- 
ations of the ammonium and urea content of the urine at the 
time it was voided to have been made, but might have inter- 
fered with other analyses. 
It was unfOrtunate that not all urine voided by the 
ponies during these experiments was available for analysis, 
in order that a more complete investigation could have been 
carried out, but complete continuous collection was not 
considered possible on humane grounds. For obvious reasons 
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it was most unfortunate that all blood and urine analyses 
could not have been performed during the course of a 
single experiment. Had it been possible to have used the 
same dosage rates during the second experiment, the fact 
that the investigation had to be divided into separate 
experiments would not have mattered so much, but in the 
interests of the ponies' safety it was considered 
necessary to lower the rate of ammonium chloride admini- 
stration. 
Though Piperno et al. 170 reported no fatalities among 
their horses, the dose of ammonium chloride/kg body weight/24 
hours which they administered, namely 360g/100lbs/24hours 
divided into six equal doses, was approximately three times 
greater than that administered to the four ponies studied 
in the first experiment. From the reactions of these ponies 
it was concluded that Piperno et al. 
170 
ran a very serious 
risk of administering a fatal overdose of ammonium chloride. 
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SUMMARY OF SECTION No.4 
The effect of ammonium chloride ingestion upon 
selected constituents of the blood and urine of Shetland 
and Shetland-cross ponies was studied and the resulting 
clinical signs are described. 
During ammonium chloride administration a compensated 
metabolic acidosis occurred, but blood pH, pCO7 and serum 
bicarbonate concentrations quickly returned to normal when 
ammonium chloride ingestion ceased. Though significant de- 
creases in urine pH occurred, changes from the urinary 
excretion of net base to net acid were considered more in- 
dicative of the renal regulation of acid/base status than 
urine pH. Although acid was excreted, urine pH was some- 
times discovered to be greater than that of blood. 
Ammonium chloride, at the doses given, induced natriuresis 
without a concurrent diuresis. Despite large increases in 
urinary sodium excretion no consistent decreases in plasma 
sodium concentrations were apparent, and no consistent 
changes in plasma potassium concentrations and urinary 
potassium excretion were observed. 
Two ponies showed increased plasma chloride concen- 
trations, though these increases were not sustained. High 
urinary chloride excretion during ammonium chloride ingestion 
was observed. No significant changes in plasma inorganic 
phosphate levels during ammonium chloride ingestion were 
noted, though urinary inorganic phosphate excretion was 
significantly increased in all the ponies studied. It is 
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suggested that phosphate in intestinal fluid was 
absorbed and excreted via the kidneys. 
Plasma urea concentrations were raised in three of 
the four ponies, but statistically significant increases in 
urinary ammonium and urea excretion were not invariably 
observed, and when they occurred they were not sustained 
throughout the entire period of ammonium chloride ingestion. 
The possible reasons for these observations are discussed. 
SECTION No.5 
A STUDY OF CHANGES IN SELECTED BLOOD AND URINE 
CONSTITUENTS FOLLOWING SODIUM BICARBONATE 
ADMINISTRATION TO PONIES. 
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INTRODUCTION 
Investigation of acid/base parameters in clinically 
normal untreated horses have been described and discussed 
in Section No.l. However, the normal ranges of pH, pCO2 
and bicarbonate concentration in equine blood do not appear 
to have been satisfactorily established. 
Studies of metabolic alkalosis have apparently been 
confined to man and to animals other than the horse. No 
reference to changes in blood and urine constituents 
arising from increases in blood pH in equine species has 
been discovered. In other species sodium bicarbonate 
administration has been shown to increase blood and urine pH53 
98 172 174 175 177, and plasma bicarbonate concentration53 
174 
. Decreases in plasma potassium concentrations follow- 
ing the oral and parenteral administration of sodium bi- 
carbonate have been reported 
53 176 
, and concurrent falls in 
plasma sodium concentration have sometimes been noted53. 
Sodium bicarbonate was administered to ponies in an 
attempt to determine whether the changes in blood and urine 
which were observed after the intake of this salt in other 
species also occurred in equines. Since the effect upon 
selected blood and urine constituents of ammonium chloride- 
induced metabolic acidosis has been studied (see Section 
No.4) it was decided to investigate the same constituents 
during and after sodium bicarbonate administration, in 
order to discover whether an increase in blood pH induced 
opposite changes to a decrease in blood pH. 
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HETHODL; 
Four ponies were investigated during this experiment. 
Their general management has already been described (see 
Section No.1, Part 1). During each of five successive 
days 62.8g of sodium bicarbonate in aqueous solution was 
administered by stomach tube. 
Blood samples were collected daily at 10.00 hours on 
ten consecutive days. The technique of blood sampling has 
been described in Section No.1, Part 1. Sodium bicarbonate 
was administered immediately after blood sampling on days 1 
to 5 inclusive. 
The ponies were confined to small stalls during days 1 
to 4 whilst 24 hour urine samples were collected 
94 
. At 
other times they were housed in looseboxes. The collection 
of 24 hour urine samples began at 10.00 hours, as soon as the 
pony had received the daily dose of sodium hydrogen carbonate. 
For reasons already stated, following the ingestion of the 
final dose of sodium hydrogen carbonate on day 5, the ponies 
were afforded 24 hours rest in looseboxes. They returned to 
the stalls at 10.00 hours on day 6. 24 hour urine samples 
were collected on days 6, 8 and 10. 
Access to drinking water ad libitum was afforded at all 
times. The daily 4kg hay ration was presented at 16.00 hours. 
The packed cell volume percentage, blood pH, pCO2, 
serum bicarbonate concentration and the concentrations in 
plasma of sodium ,potassium, chloride, inorganic phosphate and 
urea were measured in every blood sample. The methods 
employed are described in Section No.1, Part 1. Urine 
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volume, pH, specific gravity and the sodium, potassium, 
chloride, inorganic phosphate, ammonium, urea and net base 
contents of the samples were determined by methods des- 
cribed in Section No.?, Part 2. 
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RESULTS 
Because the number of ponies studied was small, and 
to avoid masking variations in individual responses to 
sodium bicarbonate ingestion, the results from each pony= 
are presented singly. Each pony was used as his own 
control. The judgement of the significance of changes 
observed was based upon the mean value 4. standard deviation 
of the parameters in each pony in the untreated state (see 
Section No.1, Parts 1 and 2). A value outwith the mean 
2SD was considered statistically significant, and a value 
outwith the mean + 3SD was considered highly significant. 
The ponies exhibited no signs of discomfort or 
distress throughout the five days during which sodium 
bicarbonate was administered. No changes in the rate or 
depth of respiration were observed, and all ponies consumed 
the whole of each daily hay ration. 
KEY TO SYMBOLS USED IN T TABLES 
* Denotes a significant increase (p < 0.05) 
Denotes a highly significant increase (p < 0.01) 
4 Denotes a significant decrease (p < 0.05) 
x Denotes a highly significant decrease (p < 0.01) 
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TABLE No.98 















































































































































TABLE N .100 





stration Jimmie Billie Ben MacGowan 
Before NaHCO3 none 26.3 27.0 26.3 27.0 
Day 1 62.8g 26.0 26.9 27.8 29.2 
ll 2 62.8g 26.3 29.1 27.2 27.8 
tt 3 62.8g 34.1+ 27.1 26.8 27.1 
TT 4 62.8g 29.9 27.9 25.7 28.0 
17 5 62.8g 29.7 25.8 26.5 28.1 
tt 6 none 29.6 26.9 26.4 27.6 
It 7 none 29.4 25.9 25.4 25.9 
tt 8 none 27.7 27.1 28.1 28.5 
ti 9 none 27.9 24.2x 29.0 27.6 
Few significant changes in blood pH, pCO2 and serum 
bicarbonate concentrations were observed, and during the 
-period of sodium bicarbonate ingestion these changes were 
confined to two ponies. Alkalosis occurred in one pony 
(MacGowan), on a single occasion only. Though Billie 
exhibited an abnormally low serum bicarbonate concentration 











































































No significant changes in the packed cell volume 
percentage of any pony occurred during the experiment. 
TABLE No.102 








































































The plasma sodium concentrations of all the 
Ponies remained within normal limits at all times. 
TABLE No.103 




stration Jimmie Billie Ben MacGowan 
Before NaHCO3 none 5.40 4.20 4.20 3.20x 
Day 1 62.8g 4.50 4.00 3.90 3.40 
" 2 62.8g 5.30 4.70# 3.90 3.80 
3 62.88 5.00 3.70 4.40 3.80 
it 4 62.8g 5.00 3.85 3.75 4.304/ 
as 5 62.8g 5.10 4.00 4.10 3.90 
as 6 none 4.65 3.60 3.70 3.90 
If 7 none 4.25 3.90 3.75 3.85 
TI 8 none 5.10 3.70 3.60 3.85 
'T 9 none 5.00 3.90 3.90 4.10 
Though the plasma potassium concentrations of two 
ponies changed significantly during the period of daily 
sodium bicarbonate ingestion the changes were transient. 
An increase above normal in Billie's plasma potassium 
concentration occurred on day 2. MacGowan commenced the 
experiment with an abnormally low plasma potassium level, 
and a significant increase was observed on day 4. 
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TABLE No.104 





stration Jimmie Billie Ben MacGowan 
Before NaHCO 
3 
none 96 103 101 100 
Day i 62.8g 100 103 99 97 
It 2 62.8g 99 104 102 99 
It 3 62.8g 97 104 101 100 
It 4 62.8g 98 102 100 99 
u 5 62.8g 99 103 102 102 
!I 4 
.) none 97 104 101 101 
" 7 none 99 106 103 101 
H 8 none 101 102 99 101 
u 9 none 98 101 100 100 
A single singificant increase in plasma chloride concen- 
tration occurred in Billie, two days after sodium bicarbonate 
ingestion ceased. No other changes in this plasma 
constituent were observed. 
TABLE No.105 
THE EFFECT OF SODIUM BICARBONATE UPON PLASMA INORGANIC 




stration Jimmie Billie Ben MacGowan 
Before NaHCO 
3 
none 1.454 2.20 3.71 2.85 
Day 1 62.8g 1.634 3.60 4.25 1.75 
tt 2 62.8g 2.12 3.8b 3.08 2.38 
tt 3 62.8g 1.32x 5.59+ 3.31 2.56 
u 4 62.8g 2.28 5.97+ 2- .364 2.52 
u 5 62.8g 1.804 6.71+ 2.054 1.90 
It 6 none 1.18x 5.89+ 2- .89 2.66 
7 none 1.914 4.94+ 2.87 2.67 
tt 8 none 1.10x 1.86 3.17 1.84 
!! 9 none 1.974 2.98 3.58 1.82 
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Three ponies exhibited pronounced changes in plasma 
inorganic phosphate concentrations, but tne patterns of 
change were inconsistent. Although one pony (Jimmie) 
showed highly significant decreases in his plasma inorganic 
phosphate concentrations he commenced the experiment with 
an abnormally low level, so obviously this needs to be 
borne in mind when interpreting the effect of the salt 
upon this plasma constituent. Ben exhibited a significantly 
lowered plasma inorganic phosphate concentration on days 
4 and 5. 
Billie commenced the experiment with a normal plasma 
inorganic phosphate concentration which remained within 
normal limits for two days. During days 3, 4, 5, 6 and 7 
the concentration was abnormally high. On day 8 the in- 
organic phosphate concentration was significantly decreased 
and only on the last day of the experiment did the concen- 
tration return to normal. 
TABLE No.106 
THE EFFECT OF SODIUM BICARBONATE UPON PLASMA UREA 





































































Plasma urea concentrations were significantly reduced 
in two ponies only. In one of these two, (Ben), abnormally 
low levels were observed at times during and after sodium 
bicarbonate ingestion. An abnormally low plasma urea 
concentration in the second pony (MacGowan) was observed 
on one occasion during sodium bicarbonate ingestion. 
TABLE No.107 























































































































Increases beyond normal limits in the volumes of 
urine voided/24 hours were observed intermittently in 
two ponies only. No decreases in urine specific gravity 
occurred even when urine volume/24 hours was increased. 
TABLE No.109 



















































THE EFFECT OF SODIUM BICARBONATE UPON THE ACID 

































































N B. All results listed in Table No. 110 are mEq of Net Base. 
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No statistically significant changes in urine pH 
occurred during or after sodium bicarbonate ingestion. 
Though the pH of the urine voided by Jimmie during days 6, 
8, and 10 remained high, in all other ponies the mean pH of 
the urine collected after the cessation of sodium bicarbonate 
ingestion was lower than the urine pH values observed 
during days 1 to 4. 
Net base excretion was increased in all ponies, though 
in Den the increase occurred only during the first three 
days of the experiment, and MacGowan only once exhibited a 
significant increase in urinary base excretion. 'lien hydro- 
chloric acid was added to the urine at the commencement of 
net acid/base determinations a very pronounced effervescence 
of the urine samples was observed. This was considered to 
indicate a high bicarbonate content 95 . 
TABLE No.111 
THE EFFECT OF SODIUM BICARBONATE UPON THE SODIUM CONTENT OF 




stration Jimmie Billie Ben MacGowan 
Day 1 62.8g 626+ 659+ 705+ 278 
2 62.8g 581+ 649+ 870+ 457* 
3 62.8g 623+ 378+ 780+ 544+ 
It 4 62.8g 782+ 836+ 525+ 6714* 
5 62.8g Urine not collected ----- 
It 6 none 241 159 263 240 
8 none 126 42 206 136 
It 10 none 37 108 278 76 
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The sodium content of urine samples voided by all 
ponies was very markedly increased during sodium bicarbonate 
ingestion. However, sodium excretion/24 hours only 
surpassed the sodium ingested in the form of sodium bicarbo- 
nate in four instances. 24 hour urinary sodium excretion 
returned to within the established normal limits in all 
ponies immediately the administration of sodium bicarbonate 
ceased. No significant fluctuations in this urine con- 
stituent were observed on days 6, 8, and 10. 
TABLE No.112 
THE EFFECT OF SODIUM BICARBONATE UPON THE POTASSIUM CONTENT 
OF URINE (mEq/24 hours) 
NaHC 03 
Admini- 
stration Jimmie Billie Ben MacGowan 
Day 1 62.8g 1099 1785 1086 1346 
2 62.8g 1407 973 1195 1499 
3 62.8g 1404 1274 873 966 
4 62.8g 1326 1309 727 1182 
n 5 62.8g - Urine not collected 
6 none 1449 1683 1135 1404 
" 8 none 395 555 780 1144 
u 10 none 1191 716 1094 1051 
Other than the usually large quantity of potassium 
excreted by Billie on day 1, no significant changes in 
urinary potassium excretion occurred at any time. 
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TABLE ; No .113 
THE EFFECT OF SODIUM BICARBONATE UPON THE CHLORIDE CONTENT 

















































Jimmie's urinary chloride excretion was exceptionally 
high on day 4. Otherwise no changes autwith, normal 
limits occurred in any pony. 
TABLE N o .114 
THE EFFECT OF SODIUM BICARBONATE UPON THE INORGANIC PHOSPHATE 
CONTENT OF URINE (mgP/24 "hours ) 
NaHCO3 
Admini- 
stration Jimmie Billie Ben MacGowan 
Day 62.8g 24.4 61 5 658.1 83.3 
2 62.8g 165.6 331.2+ 958.4+ 97.0 
3 62.8g 203.2 214.4+ 1172.8+ 69.2 
n 4 62.8g 95.2 348.1+ 639.0 49.7 
14 5 62.8g Urine not collected - ---- -- 
6 none 61.7 378.2+ 451.0 102.5 
1 8 none 61.6 80.0 1014.7+ 88.6 
10 none 6.3 61.1 988.4+ 43.5 
Highly significant increases in urinary inorganic 
phosphate excretion both during and after sodium bicarbonate 
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ingestion were observed in two ponies. In the case of 
one pony (Billie) urinary inorganic phosphate excretion 
became normal on day 8, and remained normal. 
The urinary inorganic phosphate content of the second 
pony (Ben) was elevated on days 2 and 3, and then fell to 
normal until days 8 and 10, when highly significant 
increases occurred again. 
TABLE No.115 
THE EFFECT OF SODIUM BICARBONATE UPON THE AMMONIUM CONTENT 




stration Jimmie Billie Ben MacGowan 
Day 1 62.8g 5454t 454 98 429 















n 5 62.8g Urine not collected ----- ----- 
It 6 none 503* 188 203 390 
n 8 none 420 322 275 317 
It 10 none 304 286 304 376 
Despite the pH of the urine voided during the period 
of sodium bicarbonate ingestion being high, and despite 
large concurrent increases in urinary base excretion, one 
pony (Jimmie) excreted urine with an abnormally high 
ammonium content throughout the whole of this time. 
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TABLE No.116 
THE EFFECT OF SODIUM BICARBONATE UPON THE UREA CONTENT OF 
URINE (g urea/24 hours) 





Day 1 62.8g 24.7 41.7 27.5 35.7 
2 62.8g 17.0 14.4 34.4 33.3 
7 
_, 62.8g 20.8 37.5 28.4 20.2 
If 4 62.8g 13.5 44.8 23.8 32.2 
















II 10 none 17.5 20.9 25.1 28.1 
Only one pony (Billie) showed a change in urinary 
urea excretion. On day 6 a significant increase in this 
urine constituent was observed. 
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DISCUSSION 
It is known that the horse is unable to vomit 187 188 
and it is assumed that eructation is also impossible due 
to the cardiac sphincter preventing gastric gases from 
entering the oesophagus. Hence it was anticipated that 
discomfort might have resulted from the dilatation of the 
stomach by carbon dioxide produced when the sodium bicar- 
bonate solution entered the acid medium of the equine 
stomach2 
3 103 
. Since neither discomfort nor eructation 
was observed in any of the ponies, it was probable that 
because sodium bicarbonate was administered as a solution it 
passed rapidly round the lesser curvature of the stomach 
and then entered the far less acidic medium of the proximal 
small intestine 
23 189 
. If this occurred then little 
carbon dioxide would have been produced in the stomach, and 
any gas produced in the small intestine would likely have 
been produced sufficiently slowly for it to dissolve and/or 
dissipate without causing discomfort to the animal. 
A dose of 62.8g of sodium bicarbonate was selected 
because it was equivalent to 40g of ammonium chloride (see 
Section No.4). A direct comparison of the effects of the 
two substances upon blood pH, pCO2, serum bicarbonate 
concentration, and the volume, pH and renal net acid/base 
secretion of urine was therefore possible, as both salts 
were administered over five consecutive days. 
Because only one pony showed a significant increase in 
blood pH, and because this increase occurred only on day 1 
it was concluded that at the dose rate adopted sodium 
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bicarbonate was ineffective in producing a metabolic 
alkalosis in these ponies. It was evident that sodium 
bicarbonate did ncit induce such profound changes in blood 
pH as an equivalent dose of ammonium chloride. 
From Tables 98, 99, and 100, it was obvious that 
with the exception of MacGowan on day 1 appropriate 
fluctuations in pCO2 and serum bicarbonate concentrations 
had maintained the blood pH within normal limits. Because 
the magnitude of these fluctuations was small it was 
concluded that the dose of sodium bicarbonate had presented 
only a small challenge to the blood buffers. 
Since the mean blood pH values of the ponies during 
days 1 to 5 were greater than the mean values during days 6 
to 9 it is probable that higher doses of sodium bicarbonate 
1,:ould have induced metabolic alkalosis. However, the 
administration of a large dose would have defeated one 
object of the experiment, namely the comparison of the blood 
pH changes effected by equivalent doses of ammonium chloride 
and sodium bicarbonate. 
From publications reviewed 
174 177, it appeared that 
the parenteral infusion of an alkalising agent would have 
caused a more profound change in acid/base status than the 
administration per os of an equivalent amount of the substance. 
For future acid/base studies, the parenteral admini- 
stration of acidifying and alkalising agents would be 
worthwhile, and would eliminate any variations caused by 
differences in intestinal absorption. Evidence for a high 
percentage of the administered sodium bicarbonate being 
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absorbed was provided by the large increases in urinary 
net base excretion at this time, but due to fluctuations 
in the net base excretion of the untreated ponies (see 
Section No.1, Part 2, and Appendices 2 r(iv) and (xii)11) 
it was impossible to calculate the exact proportion of 
sodium bicarbonate which was absorbed. 
The lack of change in the packed cell volume per- 
centage was anticipated. It has already been shown that 
the packed cell volume percentage is a very poor indicator 
of changes in plasma volume (see Section No.3). Since the 
ponies incurred no consistent diuresis, and because 
drinking water was available at all times during the experi- 
ment, no significant changes in the plasma volumes were 
expected. 
The lack of marked changes in the plasma sodium con- 
centrations was somewhat surprising. 62.8g of sodium 
hydrogen carbonate contains 748 mEq of sodium, a quantity 
approximately equivalent to, or slightly greater than, the 
total sodium present in the plasma of each pony (see 
Section No.3, Table No.61), and yet the ponies were able to 
absorb and excrete a large quantity of sodium and so 
regulate their plasma sodium concentrations that no signifi- 
cant changes occurred. 
The increases in urinary sodium excretion which 
occurred during sodium hydrogen carbonate ingestion were 
considered additional proof that a large proportion of the 
salt was absorbed. 
The slight trend towards increased plasma sodium levels 
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could indicate a mild degree of transient sodium retention 
in the extracellular fluid, though the proportion of the 
administered sodium which could be accounted for in this 
way would be small. In a pony with a thiocyanate space 
volume of 40 litres an increase in plasma sodium concen- 
tration of 4 mEq/1 would, assuming that plasma sodium 
changes reflected an overall change throughout the extra- 
cellular fluid, indicate an increase in extracellular fluid 
sodium of 160 mEq, which is little more than 2O of the 
sodium content of 62.8g of sodium hydrogen carbonate. 
Two other possible sites of sodium retention might 
have been involved in maintaining normal plasma sodium 
levels during the absorption of large quantities of this 
element. It is possible that the rate of sodium absorption 
from the gut was regulated such that it closely approximated 
with the renal excretory rate. Furthermore, Burnell and 
Teubner's 172 observation that the sodium content of bone 
increases during metabolic alkalosis in dogs might be 
relevant. Although it was concluded, with the exception of 
one pony on one occasion, that metabolic alkalosis did not 
occur, blood pH values were generally higher during days 1 
to 5 than during days 6 to 9. Burnell and Teubner 172 did 
not state whether the deposition of sodium in bone during 
alkalosis occurred only above a specific blood pH "threshold" 
or whether changes in the extent of sodium deposition were 
related to blood pH changes both within and without normal 
pH ranges. If the latter occurred then maybe even the 
small blood pH changes observed in the ponies could have 
resulted in some skeletal sodium retention. 
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Despite the intermittent changes in plasma potassium 
concentrations exhibited by two of the ponies it was 
concluded that sodium bicarbonate at this dcse rate caused 
no distinct consistent changes in the plasma potassium 
levels. It has been reported in other species that alkalosis 
causes hypokalaemia 53 176 177 182, due to the entry of 
potassium into cells. The quantitative inverse pH/plasma 
Potassium concentration relationship which has been observed 
in other species 
177 182 190 
was never evident during the 
course of this work. The significant changes in plasma 
potassium concentrations coincided with normal blood pH 
values, and hence it was concluded that they occurred ran- 
domly. It was not known why MacGowan exhibited an 
abnormally low plasma potassium concentration at the 
beginning of the experiment. Had the ponies been alkalotic 
more profound changes might have arisen, and from these a 
distinct trend may have been evident. 
Illereas sodium bicarbonate did not cause any signifi- 
cant decreases in plasma chloride concentrations, it was 
interesting to note that the administration of an equivalent 
quantity of ammonium chloride to these ponies caused 
significant decreases in their serum bicarbonate concen- 
trations. The pony who showed the lowest plasma chloride 
levels simultaneously exhibited the greatest increase in 
serum bicarbonate concentration, but only in this pony 
(Jimmie) was there any indication of reciprocal fluctuations 
in bicarbonate and chloride concentrations 
178 
. It is 
Probable that higher doses of sodium bicarbonate, or the 
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parenteral infusion of a sodium bicarbonate solution might 
induce a metabolic alkalosis accompanied by large increases 
in serum bicarbonate, and concurrent reciprocal changes in 
plasma chloride concentrations might then arise. 
The changes in the plasma inorganic phosphate con- 
centrations of the ponies both during and after sodium 
bicarbonate ingestion are difficult to explain. Since blood 
acid /base disturbances were minimal, the changes could not 
readily be attributed to alkalosis. Furthermore no two 
polies exhibited a similar pattern of change. 
It was concluded that the plasma inorganic phosphate 
concentration of MacGowan was unaffected. Since Jimmie 
began the experiment with an abnormally low plasma inorganic 
phosphate concentration, the low levels which persisted on 
all but two days of the experiment could hardly be attributed 
to sodium bicarbonate ingestion. Though the decreases in the 
Plasma inorganic phosphate concentrations of Ben were sig- 
nificant, they were neither large nor sustained, but they 
followed significant increases in urinary inorganic phosphate 
excretion which occurred on days 2 and 3. However, since 
total inorganic phosphate intake and output was not measured 
it was not known whether the decreases in the plasma in- 
organic phosphate concentration were indicative of depletion 
or a delay in the mobilisation of the phosphate resources 
of the pony. 
No publication reviewed suggest the cause of the 
increases during days 3 to 7 in the plasma inorganic phos- 
phate concentrations of Billie. If the changes in plasma 
P66 
inorganic phosphate concentration were secondary to 
changes in the urinary excretion of inorganic phosphate 
it can only be assumed that this pony in some way over- 
reacted to the increased urinary loss which tended to 
deplete the plasma inorganic phosphate content. Why two 
ponies who both exhibited increased urinary phosphate 
losses showed contrasting fluctuations in their plasma 
inorganic phosphate concentrations is unknown. The 
abnormally low value observed in Billie on day 6 probably 
indicated difficulty in regulation, before the plasma in- 
organic phosphate concentration returned to normal on day 9. 
Although increases in the urinary inorganic phosphate 
content of this pony also occurred during ammonium chloride 
administration (see Section No.4), no concurrent changes 
in the plasma inorganic phosphate levels took place then. 
The source of the additional inorganic phosphate in 
the blood was not known; but two possibilities are the 
inorganic phosphate of the gut fluids23 and the cells of 
the body53. Inorganic phosphate might have been absorbed 
from the gut when increased urinary inorganic phosphate 
loss occurred. Alternatively, or in addition, since most 
phosphate in the soft tissues of the body is intracellular53, 
loss of inorganic phosphate from the cells might have 
occurred. 
No reference to the effect of alkalising salts upon 
urea metabolism in equines was discovered. The reasons 
for the falls below normal of the plasma urea levels of 
two ponies are not understood. Although MacGowan only once 
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exhibited a low plasma urea concentration, the fact that 
in Ben significantly reduced levels occurred over days 4 
to 7 inclusive suggested that the decreases were not due 
to chance. All ponies consumed all the daily hay ration, 
and the times of blood sampling in relation to feeding 
were constant,hence the changes in blood urea levels were 
unlikely to be caused by changes in feeding patterns (see 
Section No.2). 
No correlation between the low plasma urea concen- 
trations and blood pH was evident. In the case of MacGowan 
the low plasma urea level coincided with the rise above 
normal of blood pH. However, the blood pH of Ben over 
days 4 to 7 ranged from 7.370 to 7.450, and these values 
fell within the normal range of blood pH for this pony. 
I'deither of the ponies in whom low plasma urea concen- 
trations were detected showed any significant change in the 
daily urinary ammonium or urea excretion. 
The fact that the low plasma urea levels observed in 
Ben occurred both during and after sodium bicarbonate 
ingestion suggests that sodium bicarbonate alone did not 
influence the plasma urea concentration. 
Since increases in the 24 hour urine volume were 
evident in only four individual samples voided during the 
period of sodium bicarbonate ingestion it was concluded 
that sodium bicarbonate at this dose rate caused no pro- 
nounced diuresis by these ponies. Similarly, an equivalent 
dose of ammonium chloride also caused increases in the 
volume of urine voided /24 hours on four occasions. It is 
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worthy of note that during the ingestion of sodium bi- 
carbonate and during the ingestion of ammonium chloride 
the ponies were able to excrete unusually large quantities 
of sodium without concurrent increases in urine volume. 
This observation will be discussed later. 
Evidently the intermittent increases in the urine 
volumes voided by two of the ponies were insufficient 
to bring about significant decreases in the urine specific 
gravity 
The lack of significant increases in urine pH during 
sodium bicarbonate ingestion contrasts markedly with the 
significant decreases observed when ammonium chloride was 
administered. If all the bicarbonate ingested daily in 
the form of 62.8g of sodium bicarbonate was excreted in the 
urine within 24 hours this would represent an additional 
748 mEq of bicarbonate. 748 mEq of bicarbonate in 5430 ml 
of urine (the mean volume voided over days 1 to 4) repre- 
sents a bicarbonate concentration of 138 mEq /litre. It was 
discovered that if sodium bicarbonate was added to urine 
samples of pH range 7.80 to 8.30 in vitro at the rate of 
10g of sodium bicarbonate /litre of urine, or 120 mEq of 
bicarbonate /litre, maximum increases in urine pH of 
approximately 0.2 unit occurred191. Hence it was not 
anticipated that the ingestion of 62.8g of sodium bicar- 
bonate would cause significant increases in urine pH. 
Furthermore, the action of any urinary buffers which were 
active in the 8.4 to 9.2 pH range might tend to minimise 
pH changes. 
The increase in urinary base excretion during sodium 
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bicarbonate ingestion was anticipated, and was probably 
due to increased renal bicarbonate excretion, although 
the increase which was observed in renal inorganic 
phosphate excretion would also contribute, since the pro- 
portion of inorganic phosphate present as the monohydrogen 
anion increases with urine pH increases 53 105 106 
The trend towards increased urinary base excretion 
by MacGowan during sodium bicarbonate ingestion was obvious, 
even though the increase was significant only on day 2. 
The quantity of base excreted by this pony was similar to 
that excreted by the other ponies, and the lack of 
statistical significance was attributed to the fact that 
the standard deviation of the mean daily net base excretion 
of this pony was greater than that of the others (see Table 
No.26, Section No.1, Part 2). The day-to-day fluctuations 
in the net base excretion of all ponies during days 1 to 4 
were probably due partly to variations in the times of 
micturition during the 24 hour urine collections. 
Although base might have been lost in faecal fluids, 
it was demonstrated in the untreated ponies that net acid/ 
base loss via this route was so small that for most purposes 
this source of loss can be ignored (see Section No.1, Part 3). 
It was expected that ammonium chloride and sodium 
bicarbonate would exert opposite effects upon net acid/base 
excretion, and this was verified. However, the estimated 
porportion of the base given in the form of sodium bi- 
carbonate which could be accounted for by increased urinary 
net base excretion was greater than the estimated proportion 
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of the acid load which could be accounted for by decreased 
net base /increased net acid excretion in urine. It is 
suggested that whereas respiratory compensation is able 
to reduce the quality of carbonic acid present in the body 
by increasing the excretion of carbon dioxide via the lungs, 
the respiratory mechanism involved in minimising blood pH 
changes following sodium bicarbonate ingestion causes 
increases in pCO2 in an effort to neutralise the increase 
in base until the latter is excreted via the kidneys73. 
It was concluded that the net base content of the urine was 
a better indicator of the acid /base status of the animal, 
and its renal response to changes in acid /base status, 
than urine pH. 
It was evident both from this work and the work 
described in Section No.4 that these ponies could excrete 
abnormally large quantities of sodium via the kidneys 
without consistent concurrent increases in urine volume, 
and it is also evident that natriuresis without diuresis 
can take place regardless of whether the source of sodium 
is endogenous or exogenous. 
Some fluctuations in daily sodium excretion would un- 
doubtedly have been caused by variations in the times of 
micturition. Since some urinary sodium would have been 
derived from hay97, when the mean daily excretion of 
sodium did not exceed 748 m q (the quantity contained in 
62.8g of sodium bicarbonate) it was obvious that not all 
the sodium ingested was excreted in urine. The failure to 
trace all the sodium ingested might have been caused by:- 
a) retention 
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b) excretion via another route 
c) a 4- b. 
It was stated earlier that if temporary retention 
occurred it would most likely only account for little of 
the excess sodium ingested. It is probable that excretion 
via another route occurred, and the most obvious route is 
faecal excretion. However, without measuring the faecal 
sodium content it is impossible to prove whether this 
would account for all the untraced sodium, or whether some 
was retained and/or excreted via a non-renal route. Had 
increases in the sodium content of the faeces of these 
ponies been detected during days 1 to 4, the increases 
may have arisen due to the excretion of excess sodium 
into the gut lumen, failure to absorb all the sodium 
ingested in the form of sodium bicarbonate, or both. 
Though one pony (Billie) excreted an unusually large 
quantity of potassium on day 1, this coincided with an 
increased urine volume, and so urinary potassium concen- 
tration was within normal limits. The reason for this 
single increase was unknown. It appeared from the results 
obtained that sodium and potassium did not compete for 
urinary excretion, since despite large increases in the 
urinary sodium content, potassium excretioril,ms unaffected. 
The unusually large quantity of chloride excreted by 
Jimmie on day 4 coincided with an increased volume 
of urine voided. It was not associated with decreases in 
pH and net base excretion. It was concluded that potassium 
and chloride excretion in the urine of these ponies was un- 
affected by sodium bicarbonate ingestion at this dose rate. 
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The only pony who failed to show any change in 
urinary inorganic phosphate excretion during and after 
sodium bicarbonate ingestion was the pony whose plasma 
inorganic phosphate concentration remained within normal 
limits. It was concluded that sodium bicarbonate induced 
increases in urinary inorganic phosphate in the other three 
ponies, even though the increases were not statistically 
significant in Jimmie, and despite an increased inorganic 
phosphate content in the urine voided by Ben on days 9 and 
10 as well as during days 2 and 3. Because there was no 
apparent correlation between the pH of the urine and the 
inorganic phosphate content it was concluded that the 
increases observed were not mediated through the effect of 
sodium bicarbonate upon urine pH. Neither was there a close 
correlation between net acid/base excretion and inorganic 
phosphate excretion. 
It is probable that Fulop and Brazeau' s168 observation 
that increases in urinary sodium excretion by dogs induced 
concurrent increases in urinary inorganic phosphate loss 
has some relevance to this work. These workers were not 
able to ascertain whether this phenomenon was mediated 
electrostatically, or whether changes in the tubular re- 
absorption of sodium, which in turn caused changes in water 
reabsorption, altered the luminal concentration of phosphate 
and hence its gradient for reabsorption. However, the dis- 
covery of Fulop and Brazeau 
168 
, when applied to these ponies 
raised several questions which were not answered from results 
obtained from this experiment. 
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Unlike the dogs observed by Fulop and Brazeau 
1 
68, 
changes in sodium excretion by these ponies did not appear 
to effect marked consistent changes in water reabsorption. 
Furthermore, the inorganic phosphate content of the urine 
did not appear to relate in any way to the 24 hour volume. 
It was not known why all ponies did not incur increased 
urinary inorganic phosphate loss despite exhibiting similar 
increases in urinary sodium loss. In addition, even in 
Billie and Ben where the magnitude of the increases in 
urintrr-inorganic phosphate was greatest, the days upon 
which the excretion of inorganic phosphate was maximal 
did not coincide with the days of maximum sodium output. 
Furthermore, although urinary sodium loss returned to 
within normal limits very promptly after sodium bicarbonate 
ingestion ceased, the same was not true of inorganic 
phosphate excretion. 
It was observed during and after ammonium chloride 
administration that the urinary content of both sodium and 
inorganic phosphate was increased (see Section No.4). Though 
the inorganic phosphate content of the urine samples 
collected during ammonium chloride administration was 
generally greater than that during sodium bicarbonate 
ingestion, the sodium content of the urine voided during 
ammonium chloride administration was less than that during 
sodium bicarbonate ingestion. This is considered to be 
further evidence that no simple relationship exists between 
the urinary excretion and the two ions. Hence it was con- 
cluded that if sodium excretion influenced the excretion of 
inorganic phosphate, the relationship between the two ions 
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was complex, and may have been influenced by other factors. 
Possible sources of the excess urinary inorganic 
phosphate23 53 have already been discussed previously in 
this section, and in Section No.4. It was considered un- 
likely that urinary inorganic phosphate buffering assumed 
much importance in the urine voided during sodium bicarbonate 
ingestion. 
The reason for Jimmie excreting very large quantities 
of urinary ammonium during days 1 to 6 is unknown. The 
returr to within normal limits of urinary ammonium excretion 
coincided with the return to normal of net base excretion. 
It is well known that ammonium buffering occurs in 
acidosis53 105 106, and this was demonstrated in Section 
No.4, but no reference to enhanced urinary ammonium excretion 
during the administration of an alkalising agent was dis- 
covered. 
Whilst urea splitting in vitro could not be excluded 
as a possible cause of increased urinary ammonium content 
it was considered highly unlikely that this alone was 
responsible for such a large urinary ammonium content which 
was confined to one pony during the period of sodium bi- 
carbonate ingestion. It was concluded that for reasons un- 
known this pony showed a grossly abnormal response to sodium 
bicarbonate ingestion, andthat the remaining three ponies 
reacted in the manner predicted by exhibiting no change in 
urinary ammonium excretion. 
Because the only significant increase observed in 
urinary urea excretion occurred after sodium bicarbonate 
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ingestion ceased, it was concluded that sodium bicarbonate 
ingestion by these ponies at the dose rate employed 
caused no change in daily urinary urea excretion. 
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SUMMRY OF SECTION No.5 
The effect of orally administered sodium bicarbonate 
upon selected constituents of the blood and urine of 
Shetland and Shetland-cross ponies was studied. 
Few significant changes in blood pH, pCO2 and the 
serum bicarbonate concentrations were observed. Although 
urine DIT values remained within normal limits, urinary base 
excretion was significantly increased. It was concluded 
that the net acid/base excretion was a more accurate indi- 
cation of the acid/base status of the ponies, and their 
renal response to acid/base disturbances, than urine pH. 
Despite the daily ingestion of an extra 748 mEa of 
sodium the plasma sodium concentrations remained within 
normal limits, though all the ponies exhibited highly signi- 
ficant increases in renal sodium excretion, with few con- 
current increases in the volume of urine voided. In view 
of the large increases in the urinary sodium content it was 
concluded that sodium bicarbonate at the dose rate employed 
induced natriuresis without a concurrent diuresis. Further- 
more, since both sodium bicarbonate and ammonium chloride 
induced natriuresis without diuresis, this phenomenon in 
these ponies occurred regardless of whether the source of 
the sodium excreted was endogenous of exogenous. 
Changes in plasma potassium concentration and the 
urinary potassium content were few and transient. It was 
therefore concluded that sodium and potassium did not com- 
pete for renal excretion. Fluctuations in blood pH and 
plasma potassium concentrations appeared unrelated. 
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A trend towards reciprocal variations in plasma 
chloride and serum bicarbonate concentrations was observed 
in only one pony, and at no time during sodium bicarbonate 
ingestion did the plasma chloride concentration of any pony 
deviate from normal. Daily urinary chloride excretion was 
unchanged. 
Marked differences between ponies in the pattern of 
changes of the plasma inorganic phosphate concentration were 
observed, and the possible causes of these changes are dis- 
cussed. Increases in the urinary inorganic phosphate 
excretion of three ponies occurred. One pony failed to 
exhibit changes in either the plasma inorganic phosphate 
ooncentration or the daily urinary inorganic phosphate 
content. The possibility of a relationship between renal 
sodium and inorganic phosphate excretion is discussed. 
Probable sources of the excess urinary inorganic phosphate 
are also discussed. 
During the period of sodium bicarbonate ingestion 
two ponies exhibited decreased plasma urea concentrations, 
but no changes in urinary urea excretion were detected. 
The reason for another pony excreting abnormally large 
quantities of ammonium is unknown. 
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GENERAL t3pNtLUSItìNS 
Before comparing data obtained on the ponies studied in this thesis 
with that on other equines and on other species, it is essential to 
assess how typical the five were of the Shetland breed, and, 
furthermore, how eleeely this breed is "typically" equine. A paucity 
of work on Shetland ponies made such an assessment difficult, and although 
studies of Shetland ponies 
1, 17 
have been reported, these, in common with 
the work herein almost certainly would have involved the animals' removal 
free the natural island environment with its harsh climatic conditions 
and often poor "sea- drenched" grazing. Hence, Shetland ponies which are 
permanently housed, unexercised and regularly provided with adequate food 
merit but limited comparison with those in their natural state. Therefore, 
any characteristics which confer a special ability to survive adversity 
may be less manifest under experimental conditions unless these character- 
istics are inherited. Experimental work with Shetland ponies imposes 
therefore this limitation. 
Time and facilities did not permit investigation of other Shetland 
ponies, neither was it possible to study the present ponies under different 
management conditions. Had this been possible, an insight might have 
been gained into physiological and biochemical changea brought about by 
housing, the provision of fodder, and a temperate climate. 
The packed cell volume percentages of these ponies were similar to 
those reported by other workers who studied the breed 
l' 17 
and conformed 
with the general pattern illustrated in Table No. 1, where it is evident 
that packed cell volume percentages of thoroughbreds are generally higher 
4'9'14 than those of slower moving draught horses and ponies 
1,9,13,17 
It is widely accepted that the horse is adapted for a "fright and flight" 
2?7b 
defence mechanian, but it was beyond the scope of this study to examine 
the performance of the ponies in this respect. The significance of 
changea in venous packed cell volume when the plasma and "thiocyanate 
space" velum is changed will be referred to later, when the implications 
of the results listed in Section No. 3 are discussed. 
Doubtlessly the most resraarkab7.e discoveries made in this work relate 
to the ponies' ability to regulate plasma sodiums levels. Inman 53 and 
dog 
193 
the plasma sodium levels in health fall within fairly narrow limits, 
whereas comparatively large fluctuations occurred normally within and 
between ponies. Workers 1,3,16 who studied other types of equines dis- 
covered narrower ranges of plasma sodium concentrations than these observed 
in Shetland ponies. Alexander reported da «to -deg fluctuations in the 
plasma sodium concentrations which were approximately seven tines greater 
in his Shetland and Shetland -cross ponies than in a group of hunters. 
Unfortunately the eay- today variations within individual equines could be 
concealed by the way data is presented by authors, see Table No. 2. 
With one exception 23 the mean plasma sodium concentrations of the 
ponies were lower than those of other equines in the literature reviewed. 
Only Alexander 23 reported a loner mean value, in his permanently housed, 
unexeroised Shetland and Shetland -cross ponies. Thus, it appeared that 
plasma sodium levels of Shetland ponies differ from those of other equines 
both in being on average lower and in the extent to Idlidh they fluctuate 
about this mean. 
Because of evidence which suggested that age 8°, diet, and lack of 
exercise 
82 
alone were not likely to be responsible for the low plasma 
Ref 193 Robinson, F.R., Zeigler, R.F., (1960 Lab. Animal Care 18 39. 
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sodium values observed, the question arises whether a low and variable 
plasma sodium concentration is a genetic feature of the Shetland breed, 
and, if so, whether the characteristic confers an advantage upon the pony. 
Since the diet of a herbivore has a low sodium content omparfpdvith 
that of oarnivores and aeuíivores they must conserve more ingested sodium. 
Tacker 
86 
and Alexander 23 both indicated that a highly efficient sodium 
conservation mechanism operates in equines Further evidinee of sodium 
conservation was provided by the pony (Scruffy), whose unilateral parotid 
duct fistula caused the sodium content of the saliva to be exereted 
rather than swallowed with the food. Despite ingesting mere sodium his 
urinary and faecal sodium loss, both in terms of actual quantity and 
loss /kg body weight/day was leas than that of the other four normal 
ponies, thus indicating his urinary and faecal sodium ezaretioa was 
reduced to sensate for the loss of sodium in his saliva and thereby 
to maintain his plasma eodium concentration. It has also been observedl9h 
that although salivary urinary and faecal sodium contents were further 
reduced when the sodium supplement nor given to this pony was 
witheld tor two weeks, no significant decrease in his plasma sodium level 
was detected. 
Since no report ofasim3lar investigation is known it is debatable 
whether the Shetland pony has a greater ability than other equines to 
conserve sodium. However, when in its natural environment where sodium 
Intake may fluctuate w de/y this ability to regulate sodium excretion 
is possibly vital. 
Ref 194 Alexander, F. (1973) Personal comrwunieation. 
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't5Ihen the ponies ingested ammonium chloride and sodium bicarbonate 
further evidence of -their remarkable t":ility to regulate the plasma 
sodium concentration was apparent. In addition to inducing metabolic 
acidosis, a very pronounced natriuresis accompanied the ingestion of 
ammonium. chloride. However, despite this natriuresis, hyponatraemia was 
never evident. Moreover, during ingestion of sodium bicarbonate, which 
imposed a heavy sodium load, bipernatraemia.vas not observed, though an 
even more pronounced natriuresis than that which accompanied ammonium 
chloride loading occurred. 
Thus the ponies were obviously able to dea3. with both excessive and 
deficient dietary intakes of sodium. 411.1st natriuresis and diuresis 
is associated with auurionium chloride ingestion by man,53 natriuresis in the 
ponies occurred without a concurrent diuresis regardless of whether the 
source of sodium was endogenous or exogenous. 
From the estimated sodim intake and the measured urinary losses it 
was deduced that during arnoniura chlorides- induced natriuresis, the ponies 
were in negative sodium balance. Furthermore the very reduced output of 
urinary sodium on cessation of ammonium chloride loading which ultimately 
returned to the previously established normal, output, strongly suggests 
the sodium reserves were being replenished in the "post loading" period. 
In contrast, after sodium bicarbonate loading ceased, the enhanced 
urinary sodium excretion promptly returned to normal. 
These observations raise an important question concerning the source 
of the excess urinary sodium during natriuresis. In view of Alexander's23 
discovery of large quantities of sodium in gut fluids, and the observation 
that the ovine gut normally contains over 100 litres of water, much of 
which it is believed can be absorbed 83,93, it is feasible that sodium from 
gut fluid might be absorbed into the body and excreted in urine, thereby 
maintaining plasma sodium levels during natriuresis. 
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It was demonstrated 
172 
that the sodium content of canine tibial 
cortical bone decreased in dogs maintained for 5 to 10 days in a state of 
metabolic acidosis. If tibial cortical bone typifies bone from other 
sites, it is possible that the large skeletal mass of equines is a 
source of sodium in times of negative sodium balance. However, in view 
of the obvious experimental, difficulties involved, no known attempts have 
been made to determine the source(s) of sodium in auch time of need in 
equines, nor has the relative importance of various sources of sodium 
been established. 
It is obvious both from the work described in this thesis and from 
reviewing relevant literature, that much work still needs to be carried out 
to answer the basin question raised concerning regulation of plasma 
sodium concentration in equines. Comparatively the amount of relevant 
information amassed in other species far exceeds that gained from equine 
studies. Whilst forseeably sorxe studies would be difficult owing to the 
size of the equine, soma aspects of the present work could forseeably be 
extended without undue difficulty. Thus a study of concurrent changes 
of sodium lost in faecal fluid and urine might reveal a decrease, if not 
a cessation, in faecal sodium excretion when renal excretion was high, 
in an attempt to conserve sodium. However, if the sodium content of the 
gut fluid did indeed act as a source of sodium for the pony, faecal fluid 
sodium content may not reflect entirely changes which could be occurring 
in more cranial regions of the gut, where sodium concentrations are 
greatest. Fistulated ponies would almost certainly be needed for such 
an investigation of the less accessible regions of the digestive tract. 
In retrospect, the studies of the effect on the ponies of ammonium 
chloride and sodium bicarbonate loading could have been improved and 
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extended in the following wags, in addition to studying faecal fluid as 
described above. 
First, it would have been advisable, before the major experimental 
work was eamenoed, to have administered a single dose of tho acidifying 
and alkalosing agents, and monitor over the following few hours changes 
in acid/base parameters sad in the plasma oonetituents. Thus, the tíß of 
-bhe XII= effect of these salts upon acid/base balance and upon the plasma 
constituents relative to the time of their administration could have been 
ascertained. Hence, if blood sampling was undertaken then, instead of 
214 hours after dosing, greater fluctuations in the plasma constituents 
might have been observed. 
Second, the induction of raetabolic changes by parenteral administration 
of acidifying and ael.Icat losing agents might have elivd.nated any variation 
between ponies arising from differences in absorption of the salts from 
the gut. Although this could create practical difficulties over long 
periods, such difficulties may not be unsusxuntable. 
The plasma potassium ooncenntrations of these ponies did not appear to 
differ markedLy from those reported in other equines 3,l ,ll.,22,2 , b it 
appears that the equine differs from the human 53 insofar as many plasmrsa, 
concentrations observed a and reported in apparently healthy equines 8 fell 
outwith the accepted normal concentration range in an of 3.5 to 5.5 X53. 
Since the herbivore's diet is potassium rich and their urinary excretion 
indicates elation of a large excess, low plasma pots sawn concentrations 
reported in equines could not be readily attributed to a potassium- deficient 
diet. Furthermore, differences occurred between the response of the five 
experimental ponies and other species when the effects upon selected plasma 
oonetitutents of ammonium chloride and sodium bicarbonate were investigated. 
Thus, acidosis in men and in doge is usually associated with i yperkalaemia53'173' 
174,175,176,177, which in turn is manly followed by enhanced urinary 
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potassium excretion. Conversely, h spokalaemia ie associated with alkalosis 
in these species 53,176,177,182 In doges, so «3.ose ie the correlation 
between blood pH and plasma potassium concentration that an inverse change 
of 3.0 to 5.0 zsaßg/L in the plasma Iotassium concentration accoeapanies a 
change of 1 pH unit in blood 177. Despite the induction of a quite 
severe metabolic acidosis in the Shetland and Shetland -cross ponies no 
such correlation was manifest. Neither, though the sodium 'bicarbonate 
load given induced a trend towards but not a significant alkalosis, was 
there a concurrent fall in plasma potassium concentration. Since no 
other reference to an investigation of this type in equines was discovered, 
it is not known whether the absence of a change in plasma potassium 
concentration when the pH of blood shifts is a wider occurring phenomenon 
in equines, or whether it is peculiar to these ponies. 
This finding obviously merits further consideration and an invest- 
igation of whether it is another example of a specific ability of a 
Shetland pony to regulate plasma constituents under adverse conditions. 
As would be expected, the urinary excretion of potassium appeared closely 
related to the ponies' hay intake, and while it was noticed that a decrease 
in urinary potassium occurred after the ponce refusal of part of the 
daily hay ration, no concurrent significant diurnal fluctuations occurred 
in the plasmas, potassium concentration. 
In view of the known influence of the adreno- oortd.00ids on sodium 
and potassium in other species, a stmt of these hormones in equines, 
with special axis on the regulation of slum and potassium, might 
provide valuable information on the ability of these ponies to control 
their plasma electrolyte levels. Electrocardiographic examination of 
horses and ponies exhibiting markedly low plasma potassium concentrations 
might reveal sixdlar effects to hypokalaamia in man and dogs though it 
appears the equine m yooard amc is less susceptible to low plate potassium 
levels than the human heart53 
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No gross difference between the plasma chloride concentration of these 
ponies and those of most equines 3'4°214425, nor between equines and other 
domestic species 195,196,197,198* with the probable =option of the eat199, 
was evident. However, in view of the reciprocity of the plasma chloride 
and bicarbonate concentrations in other species 53,178, a more detailed 
study of the relationship between these: two plasma constituents in equines 
would be worthwhile, especially it an "alkaline tide" phen nonl could 
be demonstrated. 
Although these ponies eg i bi ted plasma inorganic phosphate concentrations 
similar to those cited in horses 1,1.ß'25'2T and is other ponies 1'230 the 
method of presentation of data by other workers gives no indication of 
whether deny- to-day fluctuations in the plasma inorganic phosphate concen- 
trations occurred in their individual animals. 
It is known 5d that fermentation of cellulose is a vitally important 
biochemical process occurring in the rumen of cattle and sheep. Here the 
volatile fatty as ids produced are buffered chiefly by bicarbonate, much 
of which is derived from the copious volume of saliva ruminants swallow 
with the food. 
195 k4i.chaél.son, Scheer, K., Gilt, S.(1966) J.Am Yet.Med.Aseoa.l 8 532. 
196 MOSlesrry, H.J., Grita:per, I. (1954) Am.J.Yet.iiela. 509. 
197 Pugh, S.M. (1966) Ir. vRt.J. 14, 1142. 
198 Bertho, E.ri., Tïel.i,an,ger, M., Saint-HTlaire,H. (396lf) Laval Ned. 421, 647. 
199 Spector, W.S.(1956) ed. "Handbook of Hiol.ogiaal. Tuta," Saunders, 
Philadelphia, U.S.A. 
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In the equine gut, eall.ulose digestion occurs in the large intestine3, 
and although Alexander23 discovered high bicarbonate vouaentrations in the 
ventral segeent of the equine colon, he was able to demonstrate that there 
was a pronounced change in the doraaal regions of the larga oo3.on, where 
inorganic phosphate concentration rose, whilst that of bicarbonate fell. 
of the plasma constituents stated in this work only inorganic phosphate 
was excreted in wester quantities in fauesaal fluid taxt in urine. This is 
Oonsistent with the discovery by Alexander23 of high concentrations of 
inorganic phosphate in the di,stal regions of the equine gut. Since 
Alexarider 23 postulated the major role of this inorganic phosphate was to 
buffer volatile fatty amide produced by cellulose fermentation, a knowledge 
of bib}r tare is a change in the predominance of the bicarbonate and in- 
organic phosphate buffers in different regions of the equine large colon 
might provide a. valuable insight into equine gut physiology.. 
Equine twine like that of sheep normally contains comaratively little 
inorganic phosphate. However, unlike sheep 98 the Shetland and Shetland- 
cross ponies responded to an acid load by a vast increase in urinary 
inorganic phoasphate excretion, whilst showing only a small increase Ln the 
urinary aaasmonìuasa content. 
In man and dog increases have been observed in urinary phosphate 
excretion during mete acidosis and these species have been discovered 
to be in negative phosphate balsam if the phzasphatvria became excessive183. 
However, the plasma alnrkrgemiea phosphate levels of these ponies when acid 
loaded re/veined within normal.- levels d+espitae an increased uriva:y phosphate. 
excretion. Since neither phosphate intake nor faeaal phosphate losses 
were studied during analailiamc, chloride i.ngeaati.on, it is not imoleit whether the 
ponies were in fact in negative phosphate bal.ancm, at this time. 
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Boemmeit and Pitts 79 deduced that in man the source of the excessive 
urinary phosphate was intracellular. However', in view of the high 
oonoentrations of inorganic phosphate in the large volumes of equine gut23 
fluid it is possible some of this phosphate is available for absorption 
and renal excretion when required. The reason for the predominance nance of 
the phosphate buffering system over the ammonium buffering system under 
conditions of metabolic acidosis, and the source of the excess inorganic 
phosphate excreted in urine are worthy of further s tvdlr. 
The administration of a constant ammonium Chloride load to rats 
results in a progressive increase in renal glutaminase activity which is 
closely paralleled by an increase in ammonium excretion1$14. No reference 
to the level of glutami.nase in equine kidneys was discovered, but if this 
was low, and a source of inorganic phosphate was readily available to the 
animal, it seems logical that phosphate excretion could take precedence 
over ammonia formation, and act as the major urinary buffer. 
It was discovered in dogol68 that the tubular reabsorption of sodium 
influenced that of inorganic phosphate such that an increase in the former 
was associated with a similar increase in the latter. Since phosphaturia 
acm ar2ied the r atr iureeis observed over the time the pis: ingested 
ammonium chloride or sodium bicarbonate, it appears not unlikely that 
urinary sodium exoretion in ponies influenoes the renal excretion of in. 
organic phosphate. However, it was concluded that as close a relationship 
between excretion of ions does not exist in ponies as in dogs. 
Unlike carnivores and omnivores, but in croon with other equines, 
excluding racehorses immediately after a aercise91, the plï of the urine of 
these ponies in the untreated state was alkaline, and, almost without 
exception, net base was excreted. It was evident that the measurement of 
the daily excretion of net said/base by the kidney was a better index of 
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the acid/base status of the animal than urine pH; furthermore net acid 
could be excreted when urine pH was alkaline, and, conversely, net base 
could be excreted when the urinary pH was below 7.40. The venous blood 
pH of these ponies was frequently below the often -quoted average human 
venous blood pH of 7.42, but owing to a paucity of published data on venous 
blood pH in other equines, comparisons with the pH values of the blood 
samples from the Shetland ponies were of limited value. 
The reasons for an attempt being made to measure plasma and thiocyanate 
space volumes of the ponies in the untreated state and again immediately 
before and after the administration of a water load have been described in 
the General Introduction, and in the Introduction to Section No.3. However, 
the results obtained from these experiments were not quite as definitive as 
one might have wished and their interpretation presented considerable 
difficulty, as has been already discussed. 
All measurements of body fluid compartment volumes are subject to errors 
arising from the assumptions that the substance whose dilution volume is 
measured fulfils the basic requirements described 
116 
and that during the 
period of measurement,the body fluid compartment volume remains unchanged1171i24' 
However, though this widely accepted dilution technique was exploited in 
an attempt to measure dynamic changes in body fluid compartments, it is 
believed that in fact additional sources of inherent error were introduced 
because of the experimental protocol, thereby complicating an interpretation 
of the results obtained. Because T -1824 binds closely with plasma 
albumin 
134,139 
it was concluded that the accuracy with which T -1824 
reflected changes in plasma volume was likely to be greater than that which 
sodium thiocyanate reflected changes in a body fluid volume which, though 
possibly not strictly identical to the volume of extracellular fluid,is 
believed approximates closely to it154 in some other species. 
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One major disadvantage of the thiocyanate ion is its ability to diffuse 
not only throughout the plasma and interstitial fluid, but also into 
ocular, cerebro- spinal, glandular and, of particular significance, into 
digestive tract fluids 11 6. 
Furthermore, because the concentration of the ion in these fluids is 
probably not identical with the concentration in interstitial fluid, 
which, in turn may not be identical with the concentration in the fluid 
which is actually sled » namely plasma - the apparent volume of 
distribution of the ion may not reflect accurately any well defined body 
fluid compartment 
150 
, Strictly, the fluids within the digestive tract 
are outrith the body. Hence in the ruminant, and in equines, where a 
very large quantity of fluid is contained within the gut o.f. carnivores 
and :can, this problems assumes even greater importance, and the ideal 
substance for such investigations in all mammals would be one which, in 
addition to complying with Crandall and Anderson's criteria 11 6, diffused 
rapidly and evenly throughout the extracesllular space without entering 
gut fluid. Unfortunately no such substance is known 14 8, and the 
measurement of total body water in addition to the thiocyanate space 
volume ummould be susceptible to the same errors as thiocyanate space 
determinations. 
Nevertheless, the T -1824 and thiooyanate dlearance curves clearly 
indicated an increase in the volume of the plasma and thioc ranate spaces 
following water loading. Whilst it was not a difficult mathematical 
exercise to define and construct the two components of the clearance 
curves, the interpretation of the graphs presented difficulties, the 
major one being the understanding of the significanoe of the inflection 
point, since it was believed wi]tkely that the absorption of the water 
load, or part thereof, would be sudden in onset, and of short duration. 
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Overhydrati on in cattle was observed to cause an initial hasmoconcentration 
156 followed by laaemod3lution ,, and shifts in the body fluids of donkeys 
have been seen to follow a pattern whereby changes in circulating blood 
volume were miniadeed at the espouse of thioopuutte samare fluid and intra- 
cellular fluid 115. 
It is appreciated that the corpuscular and plasma components of 
circulating blood are subject to different regulatory mechanisms, and 
since the venous haasmatocrá t is unlikely to be identical. with the "total 
body hs smatoerri t" 
9,17,18,20 
it was not anticipated that any changes 
observed in the jugular versau s haaaatooriit would accurately reflect 
changes in plasma volume, and it was also believed that in the event of 
plasma dilution, cavensatory changes which mi *ai m1 led the potential 
decrease in plasma electrolyte oxurentrationss would be evokedSianae plasma 
urea concentration had been shown to be affected by feeding and because 
urea diffuses throughout the body and gat amide, falls in its plasma 
concentration would not be a reliable guide to plate dilution either. From 
the nature of the diuretic response after water loading it was considered 
ieposssible to deduce either the time of onset or the magnitude of changes 
in 1:1.824 and thiocyanate space volumes. 
It was thus concluded, that although a great deal more work is required 
before these particular results can be meaningfully interpreted, the study 
nevertheless had been worthwhile, even if it only illustrated the 
difficulties and pitfalls of trying to extend an experimental, method 
beyond the limits it was on .Ánally deesigneed to attain and in a species it 
had not originally been demised for. Although, in view of the clini+al 
implications of changes in body fluid compartments reliab a measurement 
of such changes would be invaluable, the present work indicates the need to 
carefully assess the extent of "normal" variation within and between "normal" 
individuals before proceed to investigate the abhor 1.. 
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In conclusion it seems these Shetland and Shetlauddaasoss ponies 
clearly possess an astounding ability, apparently UIÇ*ralleted by other 
species investigated, to thrive despite wide fluctuations in the 
concentrations of the plasma constituents studied. Moreover, they were 
also almost invariably able to maintain these plasma constituents within 
their particular normal concentration ranges when ssubjected to treatments 
which, in other species induce severesturbanoes in acid/base balance and 
in plasma constituent concentrations. Of the plasma constituents 
studied the maintenance of the ponies' usual plena sodium levels, despite 
water loading, the severe natriuresis which aeoomçanied ammonium chloride- 
induced metabolic acidosis, and the heavy sodium load imposed by the 
daily ingestion of 3.5 to 1.6 mEq sodium/kg body weight, were especially 
remarkable. It is believed therefore that the ability of the Shetland 
pogy to regulate its plasma constituents despite such severe challenges 
is major jo contributory factor to the hardiness of the breed. 
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APPENDIX No.1 
?:NDIVIDUAL RESULTS OF ANkLYSES OF BLOOD AND PLt:74ZA FP.O'aI ALL 
PONIES 
( i ) PACKED CELL VOLUîIFS (ó) 
Pony Scruffy Jimmie Billie 
33.5 33.5 30.0 
33.0 32.0 28.5 
34.5 32.0 32.0 
34.0 25.5 32.0 
33.5 26.5 34.0 
35.5 37.5 32.0 
36.5 37.0 34.5 
37.0 34.0 36.5 
35.5 32.5 34.5 
34.5 36.0 35.0 
36.0 35.0 35.0 




















(ii) PLASP3A SODIUM CONCENTRATIONS (mEq/1) 
Pony Scruffy Jimmie Billie Ben MacGowan 
128 130 134 132 133 
133 134 132 134 131 
133 135 133 123 131 
130 133 129 120 130 
133 128 133 131 133 
135 134 130 128 ,, J 
136 138 135 123 140 
138 135 134 130 133 
138 135 138 135 138 
139 138 136 128 134 
125 137 133 135 138 
138 138 136 135 138 
129 131 130 138 139 
129 134 130 136 
136 132 
131 
(iii) PLASMA POTASSIUM CONCENTRATIONS (mEq /1) 
Pony Scruffy Jimmie Billie Ben MacGowan 
3.10 5.00 3.70 4.20 3.75 
3.20 5.00 3.85 3.80 3.80 
4.40 3.80 4.00 2.70 3.85 
3.30 4.50 3.20 2.70 4.10 
3.50 4.90 3.80 3.80 4.20 
3.85 4.65 3.70 4.30 3.50 
4.60 4.35 3.70 4.00 3.70 
4.95 5.50 3.00 3.70 3.90 
4.20 5.40 4.05 3.80 3.95 
4.50 4.40 3.70 4.20 3.55 
4.30 4.80 4.40 3.40 3.70 
4.10 4.70 4.20 4.20 3.70 
4.75 4.50 4.15 3.90 4.00 




(iv) PLASMA CHLORIDE CONCENTRATIONS (mEq/1) 
Pony Scruffy Jimmie Billie Ben MacGowan 
99 102 102 105 97 
99 103 100 99 98 
101 102 98 98 101 
102 93 99 101 98 
103 104 97 98 9a 
101 99 98 96 101 
106 102, 102 102 103 
100 102 103 97 102 
101 98 104 99 105 
99 100 99 97 104 
100 101 101 95 98 
102 101 100 100 99 
101 101 98 98 
98 100 100 100 
99 
(v) PLASMA INORGANIC PHOSPHATE CONCENTRATIONS gP/100 ml) 
Scruffy Jimmie Billie Ben liacGowan Pony 
2.63 2.20 2.99 3.49 2.67 
3.03 3.61 3.47 3.13 2.08 
4.04 3.08 2.80 2.97 2.97 
3.39 3.08 2.72 3.34 2.71 
4.77 3.23 2.44 3.38 2.63 
2.42 3.89 2.b7 4.16 2.49 
2.86 3.64 2.08 4.33 1.30 
3.95 3.61 3.34 3.89 2.44 
2.52 2.87 3.26 3.94 2.50 
1.28 3.20 4.30 3.29 1.76 
3.62 3.39 3.44 4.36 4.11 
2.58 2.48 3.23 4.21 2.77 
3.98 3.58 2.70 1.57 




(vi) PLASMA UREA CONCENTRATION (mg urea/100 ml) 
Billie Ben MacGowan Pony Scruffy Jimmie 
25.6 53.8 47.4 26.9 40.5 
30.9 67.3 46.1 31.9 31.0 
29.9 64.7 52.6 23.3 25.8 
47.9 58.3 27.6 42.3 23.8 
388 87.0 59.2 40.6 24.o 
31.9 65.0 57.6 29.6 27.5 
26.0 67.2 24.4 32.1 23.1 
20.0 53.1 29.1 49.4 27.4 
24.7 46.5 28.8 30.0 29.8 
27.0 49.2 22.6 51.0 31.5 
20.4 59.6 22.3 22.0 29.0 
26.2 48.2 23.7 17.7 20.3 
46.5 15.5 21.6 22.3 
55.5 26.9 
42.2 
(vii ) SPECIFIC GRAVITY OF WHOLE BLOOD 
Ben 







1.047 31.5 1.054 35.0 1.069 31.0 1.060 41.0 1.058 27.5 
1.044 35.5 1.053 33.0 1.050 33.0 1.058 40.5 1.037 25.5 
1.056 36.0 1.049 31.5 1.050 31.5 1.060 39.0 1.043 25.5 
1.048 32.0 1.046 32.0 1.068 34.5 1.056 39.0 1.055 26.0 
1.048 33.0 1.054 35.0 1.056 37.5 1.055 39.5 1.046 25.5 
1.050 37.5 1.043 33.5 1.054 36.5 1.047 36.5 1.047 27.5 
1.052 34.0 1.053 36.5 1.054 35.5 1.056 39.5 1.046 25.5 
1.051 36.5 1.046 34.0 1,050 32.0 1.052 39.0 1.046 24.0 
295 
(still) SPECIFIC GRAVITY OF PLASMA 










































7.390 7.385 7.395 
7.380 7.375 7.410 
7.410 7.390 7.360 
7.370 7.410 7.390 
7.370 7.280 7.380 
7.385 7.365 7.375 
7.410 7.365 7.395 
7.380 7.420 7.470 
7.430 7.365 7.440 
7.420 7.410 7.415 
7.390 7.410 7.410 





































Pony Scruffy Jimmie Billie Ben MacGowan 
44.5 44.5 43.0 41.0 48.5 
47.5 44.0 45.0 43.0 42.5 
42.5 47.5 45.0 45.0 47.0 
38.0 50.0 42.0 45.0 46.0 
40.0 47.0 47.0 46.0 45.0 
48.5 48.0 48.0 44.0 49.0 
44.0 47.0 49.0 44.0 47.5 
50,5 51.0 47.0 40.0 47.5 
43.0 45.0 50.0 44.5 38.0 
46.0 45.0 46.0 45.0 51.0 
47.5 46.0 45.0 49.0 49.5 




(xi) SERUM BICARBONATE CONCENTRATIONS (mEct/l) 
Pony Scruffy Jimmie Billie Ben MacGowan 
29.7 28.1 28.0 28.2 27.5 
30.2 27.2 28.0 26.9 27.7 
29.8 29.2 26.2 24.5 27.3 
29.1 28.6 27.9 25.8 26.4 
29.5 27.4 25.7 26.4 2,5.3 
25.9 27.8 26.4 25.0 28.5 
28.0 28.8 27.0 26.0 29.6 
32.8 29.1 29.5 28.3 28.5 
26.9 28.7 27.5 29.3 30.5 
29.3 28.4 28.3 29.2 28.9 
30.5 29.4 27.6 29.9 29.2 
27.9 25.9 27.5 29.5 26.4 
26.7 27.1 2.8 23.7 
25.9 25.6 28.8 24.9 








INDIVIDUAL RESULTS OF ANALYSES OF URINE FROM ALL PONIES 
(i) VOLUME PASSED/24 HOURS (measured to the nearest 10 ml). 
Pony Scruffy Jimmie Billie Ben MacGouan 
6500 4230 2970 2450 2000 
7650 4360 2980 1740 4950 
2810 3600 3090 1900 3440 
1920 2940 1940 2790 4780 
5650 3050 1990 1600 5440 
3310 2980 4270 2540 7820 
2880 3510 2310 1970 4610 
3610 3430 6390 3290 2860 
6350 1560 3720 3060 5230 
4080 6640 2700 1540 4580 
4560 3280 4140 2790 3010 
7840 1790 3900 2800 6600 
4170 1550 5080 4030 4520 
6790 4040 6180 5200 4700 
5630 2370 4330 2260 4000 
6860 2090 6430 2770 4O0 
4670 3850 6530 5150 3610 
6250 1640 5650 4960 
6390 3480 2750 5650 
4700 2750 4350 5000 
8200 2910 1690 4440 
5610 3900 2240 4320 




(ii) SPFCIFIC GRAVITY OF URINE 
Billie Ben MacGowan Pony Scruffy Jimmie 
1.025 1.027 1.044 1.045 1.045 
1.021 1.026 1.040 1.043 1.037 
1.036 1.030 1.031 1.041 1.041 
1.034 1.029 1.041 1.038 1.042 
1.015 1.028 1.037 1.049 1.039 
1.024 1.034 1.021 1.035 1.026 
1.030 1.025 1.030 1.048 1.025 
1.021 1.041 1.014 1.038 1.022 
1.014 1.025 1.030 1.030 1.021 
1.028 1.034 1.026 1.040 1.018 
1.016 1.031 1.023 1.039 1.022 
1.005 1.036 1.026 1.031 1.017 
1.024 1.024 1.021 1.023 1.023 
1,019 1.033 1.019 1.025 1.026 
1.012 1.033 1.023 1.026 1.020 
1.015 1.023 1.017 1.028 1.035 
1.015 1.030 1.017 1.019 1.027 
1.010 1.030 1.019 1.021 
1.010 1.028 1.031 1.030 
1.044 1.034 1.018 1.036 
1.017 1.030 1.040 1.019 
1.010 1.032 1.026 





(iii) pH OF URINE 
Jimmie Billie Ben MacGowan Pony Scruffy 
7.35 8.80 8.95 8.75 8.65 
7.55 8.70 8.95 8.85 7.45 
8.15 8.90 9.00 8.55 8.55 
8.50 6.40 8.60 9.00 7.90 
8.65 9.10 8.60 9.05 8.05 
9.10 8.90 7.85 9.05 8.05 
9.20 8.10 8.35 8.55 7.80 
7.40 7.70 8.95 8.65 8.50 
8.05 7.70 8.30 8.95 8.95 
8.70 8.50 8.10 8.75 8.75 
8.65 7.85 8.35 8.50. 8.95 
8.70 8.05 8.95 8.25 9.05 
8.90 8.70 8.40 8.50 8.95 
7.60 8.80 8.05 8.65 8.40 
8.55 8.50 8.40 8.95 9.05 
8.85 9.00 8.80 8.70 9.00 
8.90 8.65 9.00 8.70 9.10 
8.45 8.15 8.75 8.90 
8.05 9.10 8.60 7.50 
8.40 8.95 8.25 7.65 
9.10 8.40 8.90 8.45 
7.75 8.60 7.95 8.75 





(iv) NET ACID /BASE IN URINE (mEq /24 hours) . 
Pony Scruffy Jimmie Billie Ben MacGowan 
1022 417 430 775 250 
219 386 344 239 420 
-92 282 250 298 827 
649 262 354 43/4 1396 
311 303 407 512 313 
134 181 376 466 482 
348 284 442 649 352 
-102 456 192 476 493 
11 203 384 351 306 
75 456 421 491 274 
358 299 468 470 
420 253 129 258 
275 591 294 28 




NET ACID EXCRETION EXPRESSED AS -IVE 
" BASE r} 11 " +IVE 
301 
(v) SODIUM CONTENT OF URINE (mal/24 hours). 
Pony Scruffy Jimmie Billie Ben MacGowan 
81 173 178 100 103 
190 210 98 61 353 
28 83 148 20 327 
22 103 58 52 100 
37 153 70 24 90 
25 45 226 92 375 
26 102 127 49 46 
22 35 128 158 27 
184 109 130 285 52 
510 329 68 123 86 
23 41 62 120 60 
39 47 171 50 157 
250 16 114 151 90 
47 182 131 338 59 
35 65 70 145 150 
94 73 88 29 183 
35 231 141 206 129 
10 21 85 167 
8 122 224 
56 186 150 
39 
(vi) POTASSIUM. CONTENT 
302 
OF URINE (mEq /24 hours). 
Pony Scruffy Jimmie Billie Ben MacGowan 
1855 1350 1426 1271 880 
1800 1490 1788 757 693 
1349 1440 1020 912 1376 
691 1117 815 1172 2294 
1074 1007 716 880 2395 
794 1311 897 864 2424 
?30 793 554 1044 1083 
816 1201 927 1530 529 
101u 515 1190 765 1046 
898 1760 581 554 870 
730 1115 1076 1228 617 
314 537 1073 1092 1089 
709 605 1143 927 1220 
1358 1010 1269 1118 1175 
845 265 953 429 960 
1029 752 1543 636 1279 
630 924 1371 1082 830 
781 558 961 992 
1486 1670 1840 
1438 935 2100 
823 
303 
(vii) CHLORIDE CONTENT OF URINE (mEq/24 hours). 
Pony Scruffy Jimmie Billie Ben MacGowan 
1268 694 707 658 484 
1160 740 679 369 1238 
525 565 633 766 815 
276 368 326 491 1539 
548 482 237 320 1104 
391 614 675 363 1439 
311 611 434 514 516 
444 916 626 707 243 
699 368 662 428 246 
277 611 362 313 637 
274 624 596 622 394 
251 304 671 647 772 
125 327 701 451 687 
951 707 952 603 1086 
507 633 701 235 500 
700 472 868 391 381 
537 547 771 582 570 
588 282 571 630 
501 623 1540 
575 534 1475 
343 
304 
(viii) INORGANIC PHOSPHATE CONTENT OF URINE (mg P/24 hours). 
Pony Scruffy Jimmie Billie Ben MacGowan 
70.3 111.5 65.4 261.4 3.2 
80.2 146.2 45.8 313.4 31.0 
42.7 63.1 26.0 197.8 4.5 
27.7 31.0 24.4 328.5 127.1 
82.0 5u.8 35.6 89.4 77.0 
84.5 54.4 61.4 164.3 55.2 
96.5 147.2 74.1 259.7 17.9 
52.5 11.6 53.2 438.6 206.9 
83.8 80.8 157.4 154.2 89.6 
26.2 430.0 78."3 233.9 59.2 
9.3 129.6 107.4 314.8 82.6 
41.5 165.0 49.9 276.9 89.5 
109.0 166.0 76.4 111.8 93.5 
61.4 115.9 122.4 920.9 64.8 
60.4 61.5 76.6 481.3 105.2 
159.2 39.8 140.8 543.0 54.2 
54.7 76.6 86.5 236.8 
76.9 62.2 27.5 382,8 
63.0 105.8 236.4 
22.9 97.1 578.5 







(ix) AMMONIUM CONTENT OF URINE (mEq/24 hours). 
Pony Scruffy Jimmie Billie Ben MacGowan 
228 279 408 180 185 
219 281 323 263 144 
136 361 399 191 157 
155 119 107 255 47 
286 388 111 178 161 
331 273 131 135 85 
414 126 143 437 116 
85 188 411 218 420 
228 76 138 224 350 
98 108 36 176 403 
309 48 162 137 680 
189 0 399 157 597 
34 62 195 167 524 
115 278 102 230 614 
164 134 172 208 583 
359 289 465 380 
514 74 581 86 










(x) UREA CONTENT OF URINE (g/24 hours). 
Billie Ben MacGowan Pony Scruffy Jimmie 
28.8 28.2 25.6 52.5 30.2 
20.0 16.9 43.1 37.6 36.8 
20.8 12.9 27.5 24.4 71.2 
13.9 15.3 41.6 20.8 75.4 
13.0 14.4 45.0 25.9 82.0 
30.0 30.5 25.4 36.3 60.3 
21.8 35.2 32.8 24.7 43.6 
46.7 41.4 12.4 23.3 41.5 
22.1 33.4 38.8 31.6 22.7 
17.0 47.3 36.2 18.3 15.8 
37.9 70.5 23.9 27.9 36.8 
31.9 30.8 o7.5 63.5 29.6 
27.5 26.3 34.4 20.0 35.8 
19.0 34.6 33.8 18.9 15.9 
18.5 33.0 39.9 24.0 39.6 
17.2 18.2 19.3 17.3 
26.8 41.1 20.2 82.2 




(xi) * "TOTAL NITROGEN" CONTENT OF URINE (g/24 hours) . 
Pony Scruffy Jimmie Billie Ben MacGowan 
14.2 13.6 17.7 27.0 16.7 
11.5 8.3 25.8 16.1 19.2 
13.7 6.5 18.4 10.9 35.5 
11.4 10.6 20.9 21.3 36.0 
11.9 15.5 22.6 14.0 40.6 
34.9 18.1 13.7 13.3 29.4 
15.6 18.8 17.4 14.6 20.1 
23.2 22.0 11.6 18.8 25.8 
14.7 16.7 20.1 17.7 15.5 
10.5 23.6 17.4 13.9 13.0 
19.7 33.7 13.4 17.9 26.7 
16.5 14.4 37.1 13.5 22.2 
15.2 13.2 19.2 14.9 24.0 
13.9 20.0 17.2 31.9 16.0 
15.8 17.4 21.1 11.7 26.7 
10.9 12.6 15.4 12.0 21.7 
14.1 19.9 17.6 14.0 
14.4 11.1 16.4 13.4 
11.1 20.3 40.6 
14.1 
- THE NITROGEN FROM í AMMONIUM AND UREA ONLY 
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(xii) NET ACID /BASE CONCENTRATION IN URINE (mEq /1) 
Pony Scruffy Jimmie Billie Ben MacGowan 
250 134 67 149 51 
48 118 92 106 122 
-12 158 93 108 173 
156 169 86 84 257 
46 75 104 103 104 
24 76 74 105 105 
51 136 71 150 123 
-22 118 44 74 94 
2 124 60 214 67 
12 131 64 155 91 
56 109 36 71 
89 87 170 57 
33 152 30 6 
61 131 8 
80 133 117 
49 37 
71 
NET ACID EXCRETION EXPRESSED AS -ive 
it BASE rr rr rr +i Ve 
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(xiii) SODIUM CONCENTRATION IN URINE (mEq/1) 
Pony Scruffy Jimmie Billie Ben MacGowan 
10 41 60 41 52 
11 48 33 35 71 
7 23 50 11 95 
8 35 30 19 21 
9 50 35 15 17 
6 15 53 40 48 
30 29 55 25 10 
125 10 20 48 9 
5 70 35 93 10 
5 50 25 80 19 
60 13 15 43 20 
7 26 44 24 
6 10 22 37 20 
14 45 21 65 13 
7 27 16 64 38 
2 35 14 10 45 
1 60 22 40 36 
9 13 15 33 
8 35 40 
68 30 
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(xiv) POTASSIUM CONCENTRATION IN URINE (mEq /1) 
Pony Scruffy Jimmie Billie Ben MacGowan 
285 320 480 520 440 
235 340 600 435 140 
480 400 330 480 400 
360 380 420 420 480 
190 330 360 550 440 
240 440 210 340 310 
255 225 240 530 235 
160 350 145 465 185 
220 330 320 250 200 
160 265 215 360 190 
40 340 260 440 205 
170 300 275 390 165 
200 390 225 230 270 
150 250 205 215 250 
150 110 220 190 240 
135 360 240 230 315 
125 240 210 210 230 
230 340 170 200 
225 480 325 
175 340 420 
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(xv) CHLORIDE CONCENTRATION IN URINE (mEq/1) 
Pony Scruffy Jimmie Billie Ben MacGowan 
195 164 237 269 242 
152 169 228 212 250 
187 157 205 403 237 
143 125 168 176 322 
97 158 119 200 202 
118 206 158 147 184 
108 174 188 260 112 
123 267 98 215 85 
110 236 178 140 47 
68 92 134 203 139 
60 190 144 223 131 
32 170 172 231 117 
30 211 138 112 152 
140 175 154 116 231 
90 267 162 104 125 
102 226 135 141 217 
115 142 118 113 158 
94 172 101 127 
78 179 273 
90 194 295 
73 
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(xvi) INORGANIC PHOSPHATE CONCENTRATION IN URINE (mg P /1) 
Pony Scruffy Jimmi Billie Ben MacGowan 
10.8 26.4 22.2 106.6 1.6 
10.5 33.4 15.4 185.8 6.3 
15.2 17.5 8.4 104.9 1.3 
14.4 10.5 12.0 117.0 26.6 
14.5 18.6 17.9 56.7 14.2 
25.5 18.3 14.4 65.4 12.0 
33.5 41.9 32.1 131.8 6.3 
14.5 3.4 8.3 133.3 39.6 
13.2 51.8 42.3 50.4 19.6 
6.4 64.8 29.0 151.9 19.7 
2.0 39.5 25.9 112.8 12.5 
5.3 92.0 12.8 98.9 19.8 
26.1 107.0 15.0 27.7 19.9 
9.0 28.7 19.8 104.4 16.2 
10.7 26.0 17.7 104.8 25.9 
23.2 19.0 21.9 138.2 15.0 
11.7 19.9 13.3 45.9 
12.3 37.9 4.9 116.6 
9.8 30.4 15.4 163.0 
3.6 35.3 24.0 229.5 
2.0 211.1 28.3 96.3 






(xvii) AMMONIUM CONCENTRATION IN URINE (mEq /1) 
Pony Scruffy Jimmie Billie Ben I'IacGowan 
35 66 137 74 37 
29 64 108 94 42 
48 100 129 119 33 
81 40 55 100 9 
51 127 56 90 21 
100 92 31 41 18 
144 36 62 143 41 
24 55 64 142 80 
36 49 37 80 76 
24 16 13 63 134 
68 15 39 34 103 
24 0 102 30 132 
8 40 38 74 111 
17 69 17 83 154 
29 57 40 40 144 
52 138 72 77 
110 19 89 15 
33 12 70 45 
18 166 63 45 
26 85 145 32 







( xviii ) UREA CONCENTRATION IN URINE (el) 
Pony Scruffy Jimmie Billie Den MacGowan 
10.3 6.7 8.6 21.4 6.1 
10.4 3.9 14.5 13.5 10.7 
3.7 3.6 8.9 15.3 14.9 
4.2 5.2 21.4 3.2 13.9 
4.5 4.7 22.6 13.2 10.5 
6.3 10.2 6.0 11.0 13.1. 
3.4 10.0 14.2 3.1 15.2 , 
11.5 12.1 1.9 15.1 7.9 
4.9 21.4 10.4 11.3 5.0 
2.2 7.1 13.4 6.5 5.3 
9.1 21.5 5.3 6.9 5.6 
4.7 17.2 17.3 12.2 6.6 
4.9 17.0 6.8 8.9 7.6 
2.8 8.6 5.5 8.3 4.0 
4.0 13.9 9.2 4.7 9.8 
2.8 8.7 3.0 3.5 
4.2 10.7 3.1 14.6 




(xix) * "TOTAL NITROGEN" CONCENTRATION IN URINE (el) 
Pony Scruffy Jimmie Billie Ben MacGowan 
5.1 3.2 6.0 11.3 3.4 
6.0 1.9 8.7 9.3 5.6 
2.4 1.8 6.0 5.7 7.4 
3.4 3.6 10.8 7.6 6.6 
4.1 5.1 11.4 8.5 5.2 
9.7 6.1 3.2 5.2 6.4 
2.5 5.4 7.5 7.4 7.0 
5.7 6.4 1.8 5.7 4.9 
3.2 10.7 5.4 5.8 3.4 
1.3 3.4 6.4 9.0 4.3 
4.7 10.3 3.2 6.4 4.1 
2.4 8.0 9.5 i, c -,,..) 4.9 
2.7 8.5 3.8 3.7 5.1 
2.0 5.0 2.8 6.1 4.0 
3.4 7.3 4.9 5.2 6.6 
1.7 6.0 2.4 4.3 6.0 
2.2 5.2 2.7 2.7 
2.3 6.8 2.9 2.7 
1.4 5.8 7.2 
5.1 
THE NITROGEN FROM AMMONIUM AND UREA ONLY 
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APPENDIX No..3 
INDIVIDUAL RESULTS OF ANALYSES OF FAECES AND FAECAL FLUIDS 
FROM ALL PONIES 
(i) WEIGHTS OF FAECES PASSED IN 24 HOURS (kg) 
Pony Scruffy Jimmie Billie Ben MacGowan 
4.380 4.185 4.040 5.620 6.420 
4.290 2.770 4.470 5.780 7.170 
2.730 2.210 4.550 5.105 5.270 
5.140 3.160 3.225 3.250 6.205 
3.670 5.075 5.210 4.230 5.130 
5.635 4.170 5.305 4.970 4.830 
(ii) WEIGHT OF FAECES/kg BODY WEIGHT/24 1011IIRS (g) 
MacGowan Pony Scruffy Jimmie Billie Ben 
24.5 25.5 22.3 31.0 30.0 
24.0 16.9 24.6 31.9 33.5 
15.3 13.5 25.1 28.1 24.6 
28.8 19.2 17.8 17.9 29.0 
20.5 30.9 28.7 23.3 24.0 
31.5 25.4 29.2 27.4 22.6 
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(iii) WATER CONTENT OF FAECES 
Billie Ben MacGowan Pony Scruffy Jimmie 
79 78 80 79 79 
79 75 79 74 79 
80 72 83. 61 80 
82 73 81 75 77 
80 77 80 81 79 
80 78 79 78 78 
(iv) ';;.I.TER CONTENT OF FAECES PASSED IN 24 HOURS (ml) 
Pony Scruffy Jimmie Billie Ben l'fIacGowan 
3460 3260 3230 4440 5070 
3390 2090 3530 4280 5660 
2180 1590 3780 4140 4160 
4210 2310 2610 2440 4790 
2940 3910 4170 3430 4050 
4510 3250 4190 3880 3770 
(v) WATER CONTENT OF FAECES k BODY WEIGHT (ml) 
IlacGowan Pony Scruffy Jimmie Billie Ben 
19.4 19.9 17.8 24.5 23.7 
19.0 12.7 19.5 23.6 26.4 
12.2 9.7 20.8 22.8 19.4 
23.6 14.1 14.4 13.5 22.4 
16.5 23.8 23.0 16.9 18.9 
25.2 19.8 23.1 21.4 17.6 
318 
(vi) pH OF FAECAL FLUID 
Pony Scruffy Jimmie Billie Ben MacGowan 
6.25 6.15 6.05 6.55 6.30 
6.55 6.50 5.95 6.30 6.30 
6.55 5.90 6.30 6.60 6.25 
7.15 5.85 6.15 6.45 6.35 
6.55 5.95 6.70 6.55 6.15 
(vii) * NET ACIDJLASE COOT NT OF FECAL FLUID (m.E /24 hours) 
Pony Scruffy Jimmie Billie Ben IJiacGowan 
-31 -411 -16 .-1.4 .18 
60 -18 -64 -33 0 
46 -41 -96 38 -29 
66 -75 -31 46 - 5 
15 170 - 7 9 64 
17 43 2 35 7 
NET ACID EXPRESSED AS -ive 
" BASE " +ive 
(viii) SODIUM CONTENT OF FAECAL FLUID (mEgs /24 hours) 
Pony Scruffy Jimmie Billie Ben ï< .cGowan 
41 82 93 64 44 
25 39 79 32 127 
10 44 118 23 39 
21 40 32 37 45 
15 39 34 114 40 
20 18 37 27 139 
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(ix) POTASSIUM CONTENT OF FAECAL FLUID (mEq/24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan 
208 179 178 444 380 
220 89 194 278 340 
158 87 302 286 489 
400 167 196 177 347 
206 283 313 274 354 
383 236 398 281 236 
(x) CHLORIDE CONTENT OF FAECAL FLUID (mEq/24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan 
1 33 23 169 20 
34 8 21 17 45 
0 10 11 4 20 
39 0 8 5 15 
6 8 13 10 8 
18 7 17 16 19 
(xi) AMMONIUM CONTENT OF FAECAL FLUID (mEq/24 hours) 
Pony Scruffy Jimmie Billie Ben acGowan 
28 45 39 102 26 
56 23 71 48 26 
6 5 69 13 65 
4 33 60 9 36 
8 97 81 33 100 
76 51 71 73 38 
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(xii) UREA CONTENT OF FAECAL FLUID (g/24 hours) 
Pony Scruffy Jimmie Billie Ben MacGowan 
0.9 1.0 0.7 1.7 1.3 
0.3 0.4 1.4 0.6 0.1 
0.6 0.6 3.4 0.7 14.7 
0.5 2.6 1.7 0.0 1.9 
1.1 5.2 4.5 1.0 5.4 
5.7 3.4 0.9 6.1. 3.0 
(xiii) * "TOTAL NITROGEN' CONTENT OF FAECAL FLUID (g/24 hours) 
Pony Scruffy Jimmie Billie Ben flacGowan 
0.8 1,1 0.9 2.2 1.0 
0.9 0.5 1.7 1.0 0.4 
0.4 0.3 2.b 0.5 7.8 
0.3 1.8 1.6 0.2 0.6 
0.6 3.7 3.2 0.9 3.9 
3.7 2.3 1.4 3.8 1.9 
* THE NITROGEN FROM AMMONIA AND UREA ONLY 











1383 939 5161 1260 6400 
2310 2590 7714 3136 1373 
4940 1222 3346 3290 4131 
2896 5558 5090 2313 7721 
4978 2337 5905 5061 4681 
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APPENDIX. No.4 
THE EFFMT OF I? EDING UPON THE PACKED CELL VOLUME 
PERCENTAGE, AND THE CONCENTRATIONS IN PLASMA OF 
UREA AND SELECTED ELECTROLYTES. 
Individual Results. 




Scruffy Jimmie Billie Ben MacGowan 
1 0.75 0.50 0.50 0.50 0.75 
2 0.50 0.50 0.50 0.50 0.50 
3 0.25 0.00 0.50 0.50 0.50 
4 0.25 0.75 0.25 0.25 0.50 
5 0.25 0.25 0.50 0.25 0.25 
o 0.00 0.25 0.25 0.50 0.50 
7 0.25 0.25 0.25 0.25 0.25 
d 0.25 0.25 0.25 0.00 0.25 
Total eaten 
over the 
8 hr period 2.50 2.50 3.00 2.75 3.50 
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Scruffy Jimmie Billie T2en MacGowan 
8 35.0 35.5 24.0 37.5 28.0 
7 33.5 26.5 27.0 34.0 26.0 
6 33.5 24.5 30.5 34.5 
5 32.5 28.0 30.0 36.0 24.5 
4 34.0 26.0 31.5 35.0 24.0 
3 37.0 25.5 30.0 38.5 24.0 
2 37.0 28.0 31.5 38.0 23.5 




1 34 =5 36.5 35.0 38.5 35.5 
2 37.0 37.5 36.5 38.5 36.5 
3 38.0 38.5 36.5 39.0 37.0 
4 36.3 34.5 33.5 39.5 37.0 
5 37.0 34.0 37.5 38.5 35.5 
6 37.5 35.5 38.0 40.0 36.0 
7 37.0 34.5 37.0 39.0 36.5 
8 36.0 35.5 37.0 40.0 33.5 
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Scruffy Jimmie Billie Ben MacGowan 
a 15.8 65.0 18.9 28.7 40.5 
7 16.4 64.3 19.4 28.7 43.7 
6 16.6 66.7 20.0 27.3 43.9 
5 17.5 68.6 19.7 26.7 44.6 
4 19.2 68.6 22.5 27.6 51.8 
3 19.1 71.5 23.6 31.7 43.7 
2 20.1 73.5 24.6 29.6 46.6 




1 43.8 65.5 41.3 35.5 43.3 
2 44.3 68.9 47.o 38.0 41.5 
3 47.8 91.4 47.0 36.7 60.5 
4 50.1 78.3 46.3 37.9 61.1 
5 51.4 101.2 51.2 36.0 49.1 
6 50.2 94.2 530 34.2 47.7 
7 52.0 110.1 53.0 30.7 52.0 
8 51.7 105.8 50.8 35.4 49.1 
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Scruffy Jimmie Billie Ben MacGowan 
8 138 133 130 135 131 
7 131 133 129 133 133 
6 129 128 129 135 134 
5 131 128 129 134 134 
4 133 135 130 134 125 
3 135 133 125 131 133 
2 c_ 133 131 130 135 133 




1 138 139 135 137 135 
2 135 135 133 136 135 
3 133 138 143 135 133 
4 133 133 136 133 135 
5 135 135 134 133 135 
6 140 131 135 135 130 
7 140 133 133 135 135 
8 139 134 135 135 138 
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Scruffy Jimmie Billie Ben MacGowan 
8 4.45 4.70 4.00 3.70 3.80 
7 4.00 4.00 4.15 4.00 3.90 
b 3.70 4.25 4.25 3.60 3.50 
5 3.85 4.05 4.20 3.15 4.10 
4 3.85 4.10 3.90 3.80 3.75 
3 4.00 4.25 3.85 3.70 3.60 
2 4.10 4.25 4.30 3.65 3.60 




1 3.50 4.20 3.60 3.40 4.00 
2 3.80 4.90 4.10 4.40 3.70 
3 4.10 5.05 3.40 3.90 4.30 
4 4.70 4.95 4.10 4.15 4.10 
5 4.50 4.30 4.10 4.40 3.90 
6 4.50 5.20 3.40 3.80 3.00 
7 3.10 4.80 3.40 3.10 3.00 
8 3.50 5.05 3.90 3.30 4.30 
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Scruffy Jimmie Billie Ben MacGowan 
S 103 99 106 99 98 
7 103 98 109 102 102 
6 101 100 110 101 100 
5 106 101 107 96 102 
4 105 97 109 100 101 
7 3 107 99 106 99 100 
2 e_ 112 97 106 99 99 




1 102 103 101 102 100 
2 103 103 101 103 103 
3 103 100 102 101 99 
4 102 102 102 103 101 
5 101 102 102 103 100 
6 104 100 100 101 97 
7 102 100 100 100 98 
8 100 103 99 101 98 
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Scruffy Jimmie Billie Ben MacGowan 
8 - 3.61 3.96 3.18 2.08 
7 5.22 2.48 3.57 3.55 1.45 
(z. 4.92 2.50 3.34 3.32 2.52 
5 4.89 2.61 3.85 3.36 2.06 
4 5.08 2.30 3.41 3.45 1.97 
3 4,87 2.30 3.60 4.18 2.18 
2 4.83 4.18 3.75 - 2.92 




1 4.22 3.13 3.38 3.19 2.08 
2 3.93 2.11 2.37 3.37 1.9 
3 3.63 1.90 2.33 2.78 2.20 
4 3.32 1.66 1.80 2.75 2.10 
5 3.53 2.02 2.22 2.37 1.38 
6 3.31 1.73 1.86 2.44 1.49 
7 3.43 2.13 1.81 2.44 1.49 
8 3.68 1.83 2.65 2.60 2.12 
